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PROCESS FOR THE FORMATION OF RuSi^Oy-CONTAINING 
BARRIER LAYERS FOR HIGH-k DIELECTRICS 

BACKGROUND OF THE INVENTION 
[0001] Field of the Invention : The present invention relates to semiconductor devices 
and the fabrication thereof More particularly, the present invention pertains to diffusion barrier 
layers. 

[0002] State of the Art: Integrated circuits typically include various conductive layers. 
For example, in the fabrication of semiconductor devices such as dynamic random access 
memories (DRAMs) and static random access memories (SRAMs), conductive materials are 
typically used in the formation of storage cell capacitors and interconnection structures (e.g., 
conductive layers in contact holes, vias, etc.). In many applications, such materials must provide 
effective diffusion barrier characteristics, which are required for conductive materials used in the 
formation of semiconductor structures, such as storage cell capacitors of memory devices (e.g., 
DRAMs). 

[0003] As memory devices become more dense in terms of memory capacity per unit 
area, it is necessary to decrease the size of circuit components forming such devices. In order to 
retain storage capacity of storage cell capacitors of the memory devices while decreasing the 
memory device size, the dielectric constant of the dielectric layer of the storage cell capacitor is 
increased. To accomplish these goals, high dielectric constant materials interposed between two 
electrodes are used in such applications. When one or more layers of various conductive 
materials are used as the electrode material, the conductive materials must have certain diffusion 
barrier properties, such as silicon diffusion barrier properties (e.g., when the bottom electrode of a 
cell capacitor is used as an electrode). Such properties are particularly critical when high 
dielectric constant materials are used (e.g., in the dielectric layer of the storage cell capacitor) 
given that the processes used for forming such high dielectric constant materials usually occur at 
high temperatures (generally greater than about 500° C) in an oxygen-containing atmosphere. 

[0004] Various metals and metallic compounds, for example, metals such as platinum 
and conductive metal oxides such as ruthenium oxide, have been proposed for use as electrodes 
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or as electrode stack layers with high dielectric constant materials. However, such electrical 
connections must be constructed so as to not diminish the beneficial properties of the high 
dielectric constant materials. For example, in order for platinum or ruthenium oxide to function 
well as a bottom electrode or as one of the layers of an electrode stack, an effective barrier to the 
diffusion of silicon from the substrate or other silicon[ ]iContaining region to the top of the 
electrode must be provided. This is required to prevent silicon at the surface of the electrode 
stack from being oxidized during the oxygen anneal of the high dielectric constant materials, e,g,, 
Ta205 or BaSrTiOj, which oxidation results in a decreased series capacitance and, in tum, 
degradation of the storage capacity of the cell capacitor. Similarly^ Oj diffusing through the 
platinum or RUO2 to the underlying Si yields SiOj at the base of the electrode, thus decreasing 
series capacitance. Platinum and ruthenium oxide, when used alone as an electrode, are generally 
too permeable to oxygen and silicon to be used as a bottom electrode of a storage cell capacitor 
formed on a silicon substrate region. Due to the permeability of such materials to oxygen and 
silicon, platinum is typically used as a layer in an electrode stack, acting as the electrode using a 
distinct diffusion barrier for integration of capacitors directly formed on silicon. 

[0005] Examples of the foregoing structures and methods are known in the art. For 
example, as described in the article "Novel High Temperature Multilayer Electrode-Barrier 
Structure for High Density Ferroelectric Memories" by H.D. Bhatt, et al., Appl. Phvs. Letter . 
71(5), 4 August 1997, the electrode barrier structure includes layers of platinum:rhodium alloy, in 
addition to platinum:rhodium oxide layers, to form electrodes with diffusion barrier properties. 
Such alloy layers are formed using physical vapor deposition (PVD) processing (e.g., reactive RF 
sputtering processes). Further, for example, the article entitled "(Ba, Sr)Ti03 Films Prepared by 
Liquid Source Chemical Vapor Deposition on Ru Electrodes" by Kawahara et al., Jpn. J. App l. 
Phvs.. Vol. 35 (1996) Pt. 1, No. 9B, pp. 4880-4885, describes the use of ruthenium and 
ruthenium oxide for forming electrodes in conjunction v^th high dielectric constant materials. 

[0006] Li view of the aforementioned shortcomings of the methods and structures being 
currently practiced, it would be advantageous to provide a barrier layer that maintains the 
performance of high dielectric capacitors, prevents oxidation of underlying Si contacts, and 
prevents silicon diffusion into an electrode or dielectric. It would be of further advantage to form 
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a barrier layer that reduces or eliminates the diffusion or migration of ruthenium into an elemental 
Si or a silicide layer, or vice versa, which typically occurs as a result of the high solubility of 
silicon in ruthenium. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides RuSi^Oy-containing diffusion barrier layers, along 
with structures incorporating such diffusion barrier layers and methods of fabricating the same. 

[0008] A method of fabricating semiconductor devices and assemblies (e.g., integrated 
circuits) according to the present invention includes providing a substrate assembly having a 
surface. A diffusion barrier layer is formed over at least a portion of the surface. The diffusion 
barrier layer includes RuSi^Oy, where x and y are in the range of about 0.01 to about 10. The 
diffusion layer may, additionally, include Ru and/or RuSi^. In one particular embodiment of the 
method, the diffusion barrier layer is formed of RuSi^y, where x is in the range of about 0.1 to 
about 3, and more preferably is about 0.4, and where y is in the range of about 0.01 to about 0.1, 
and more preferably 0. 1 . 

[0009] In another embodiment of the method, the barrier layer is formed by depositing a 
mixed film of Ru-RuSi^-RuSi^Oy by chemical vapor deposition (CVD). In yet another 
embodiment of the method, the barrier layer is formed by CVD deposition of Ru-RuSi^Oy in an 
oxidizing atmosphere. All of the foregoing barrier layers and mixed films may also be formed by 
atomic layer deposition. This process can result in the formation of multiple RuSi^Oy-containing 
diffusion barrier monolayers[,] and^ more preferably, formation of from three to five monolayers 
of RuSi^Oy-containing diffiision barrier layers. 

[0010] In an alternative embodiment, the barrier layer is formed by physical vapor 
deposition (PVD) of the diffusion barrier layers of the present invention. In one particular 
embodiment of the PVD deposition method, mixed films of Ru-RuSi^-RuSi^y are deposited to 
form a diffusion barrier layer. Altematively, mixed films of Ru-RuSi^Oy may be deposited to form 
a diffusion barrier layer, 

[0011] A method for use in the formation of a capacitor according to the present 
invention includes forming a first electrode on a portion of a substrate assembly. A high dielectric 
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material is formed over at least a portion of the first electrode and a second electrode is formed 
over the high dielectric material. At least one of the first and second electrodes includes a barrier 
layer formed of RuSi^Oy, where x and y are in the range of about 0.01 to about 10. 

[0012] According to yet another method of the present invention, a capacitor is formed 
by providing a silicon[ ];Containing region of a substrate assembly. A first electrode is then 
formed on at least a portion of the silicon[ l^containing region of the substrate assembly. The first 
electrode includes a barrier layer having RuSiPy, where x and y are in the range of about 0.01 to 
about 10. A high dielectric material is then formed over at least a portion of the first electrode 
and a second electrode is provided over the high dielectric material. 

[0013] In an alternative embodiment of the method, one or more conductive layers are 
formed relative to the RuSi^Oy-containing barrier layer. The one or more conductive layers are 
formed of at least one of a metal or a conductive metal oxide, e.g., formed firom materials selected 
fi-om the group consisting of RuO^. RhOj, M0O2, IrOj, Ru, Rh, Pd, Pt, and Ir. 

[0014] A semiconductor device structure according to the present invention includes a 
substrate assembly including a surface and a diffusion barrier layer over at least a portion of the 
surface. The diffusion barrier layer is formed of RuSi^Oy, where x and y are in the range of about 
0.01 to about 10. 

[0015] In one embodiment of the structure, at least a portion of the surface is a silicon- 
containing surface and the structure includes one or more additional conductive layers over the 
diffusion barrier layer formed of at least one of a metal and a conductive metal oxide, e.g., formed 
from materials selected fi-om the group consisting of RuO^. RhOs, M0O2, IrOj, Ru, Rh, Pd, Pt, 
and Ir. 

[0016] Semiconductor assemblies and structures according to the present invention are 
also described. One embodiment of such a structure includes a capacitor structure having a first 
electrode, a high dielectric material on at least a portion of the first electrode, and a second 
electrode on the dielectric material. At least one of the first and second electrodes includes a 
diffusion barrier layer formed of RuSiPy, where x and y are in the range of about 0.01 to about 
10. 
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[0017] Another such structure is an integrated circuit including a substrate assembly 
including at least one active device and a silicon[ J^containing region. An interconnect is formed 
relative to the at least one active device and the silicon[ ]-containing region. The interconnect 
includes a diffusion barrier layer on at least a portion of the silicon[ ];Containing region. The 
diffusion barrier layer is formed of RuSi^Oy^ where x and y are in the range of about 0.01 to about 
10. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The present invention will be better understood from reading the following 
detailed description taken in conjunction with the accompanying drawings, wherein: 

[0019] FIG. 1 shows a device structure including a RuSi^Oy-containing diffusion barrier 
layer according to the present invention; 

[0020] FIGS. 2-4 show one method of forming the RuSi^Oy-containing diffusion barrier 
layer according to the present invention; 

[0021] FIG. 5 shows a structure including a RuSij^Oy-containing diffusion barrier layer 
according to the present invention as part of a multiple conductive layer stack; 

[0022] FIG. 6 is a structure showing a high dielectric capacitor including an electrode 
having a RuSixOy-containing diffusion barrier layer according to the present invention; 

[0023] FIG. 7 illustrates the use of a RuSi^Oy-containing diffusion barrier layer in a 
storage cell capacitor application; 

[0024] FIG. 8 illustrates the use of a RuSi^Oy-containing diffusion barrier layer in a 
contact application; and 

[0025] FIGS. 9-12 illustrate x-ray photo spectrographic (XPS) depth profiles of various 
semiconductor multilayered assemblies including RuSi^Oy-containing diffusion barriers. 

DETAILED DESCRIPTION OF THE INVENTION 
[0026] Referring to FIG. 1, a structure 20 according to the present invention includes a 
substrate assembly 21 and a RuSi^Oy-containing diffusion barrier layer 23 disposed on a surface 
22 of the substrate assembly 21, e.g., a silicon-containing substrate. The structure 20 further 
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includes a conductive layer 24, As used herein, "substrate assembly" refers to either a 
semiconductor substrate such as the base semiconductor layer (e.g., base silicon layer of a wafer), 
a silicon layer deposited on another material (e.g., silicon on sapphire), or a semiconductor 
substrate having one or more layers, structures, and/or regions formed thereon or therein. It is 
understood that reference to a substrate assembly herein also includes any known process steps 
that may have been previously used to form or define regions, junctions, various structures or 
features, and openings (e.g., vias, contact openings, high aspect ratio openings, etc.). 

[0027] The structure 20 is representative of a RuSixOy-containing diffusion barrier layer 
that may be used for any application requiring an effective barrier layer, for example, to prevent 
oxidation of an underlying Si contact, or to prevent diffusion into an electrode or dielectric fi"om a 
silicon-containing surface. The RuSi^Oy-containing diffusion barrier layer 23 may be used in the 
fabrication of semiconductor devices or assemblies where it is necessary or desirable to prevent 
diffusion of one material to an adjacent material. As described more fully hereinafter, the 
RuSi^Oy-containing diffusion barrier layer 23 may include Ru and/or RuSi^, in addition to 
RuSi,Oy. 

[0028] The substrate assembly 21 may, for example, be representative of a contact 
structure having an opening extending to a silicon[ ]-containing surface, hi such a structure, 
diffusion barriers are commonly used within the contact opening to prevent undesirable reactions, 
such as reactions between the conductive contact material and the silicon-containing surface. 
Alternatively, the RuSi^Oy-containing diffusion barrier layer 23 may be used to form storage cell 
capacitors in semiconductor devices (e.g., memory devices). By way of example, the RuSij^Oy- 
containing diffusion barrier layer 23 may be interposed between other layers of materials (e.g., 
ruthenium oxide, platinum, etc.) forming an electrode of a capacitor. 

[0029] It is understood that persons having ordinary skill in the art will recognize that the 
diffusion barriers of the present invention can be used in any semiconductor processes, structures, 
assemblies and devices (e.g., CMOS devices and memory devices) which utilize barrier layers. 

[0030] The amount of elemental Si and SiOj incorporated into the RuSixOy-containing 
diffusion barrier layer 23 is sufficient to accomplish barrier characteristics for semiconductor 
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devices, particularly for diffusion of silicon and oxygen, for example, into the electrode and/or 
dielectric of a capacitor. Preferably, the RuSi^y-containing diffusion barrier layer 23 includes an 
atomic composition such that x and y are in the range of about 0.01 to about 10. More 
preferably, x and y are in the range of about 1 to about 3, and yet more preferably, x is about 0.4 
and y is about 0.1 . Likewise, in embodiments of the invention where the RuSixOy-containing 
diffusion barrier layer 23 of the present invention contains RuSi^, the RuSi^ includes an atomic 
composition such that x is in the range of about 0.01 to about 10, and more preferably in the 
range of about 0.1 to about 0.5, and yet more preferably, x is about 0.4. 

[0031] The thickness of the RuSi^Oy-containing diffusion barrier layer 23 is dependent 
upon the application for which it is used. Preferably, the thickness is in the range of about lOA to 
5,000A. More preferably, the thickness of the RuSi^Oy-containing diffusion barrier layer 23 is in 
the range of about 50A to about 500A. For example, this preferred thickness range of about 50A 
to about 500A is applicable to a RuSixOy-containing diffusion barrier layer used for forming a 
bottom electrode stack of a capacitor structure. 

[0032] The conductive layer 24 shown in FIG. 1 is representative of one or more layers. 
For example, the conductive layer 24 may include one or more layers formed of a metal or metal 
oxide, or combinations thereof Such layers may include one of RuOj, MoOj, Rh, RhOj, IrOj, 
Ru, Pt, Pd and Ir, such as when the RuSi^Oy-containing diffusion barrier layer is used in an 
electrode stack. Alternatively, the conductive layer 24 may be a contact material, such as 
aluminum, when the RuSixOy-containing diffusion barrier layer is used in a contact or interconnect 
application. Such conductive layers may be formed by any method known to those skilled in the 
art. 

[0033] The RuSi^Oy-containing diffusion barrier layer 23 may be formed by various 
processes. For example, the formation of the RuSi^Oy-containing diffusion barrier [laverj laver 23 
may be sputter deposited from a deposition target of RuSi^Oy, may be deposited by the sputtering 
from a deposition target of ruthenium onto a silicon[ J^containing surface followed by an anneal, 
may be deposited by physical vapor deposition (PVD) of Ru-RuSi^-RuSi^Oy mixed fihns, or may 
be deposited by CVD using a ruthenium precursor and a silicon precursor in an oxidizing 
atmosphere, or may be deposited by CVD of Ru-RuSi^-RuSi^Oy films. Suitable CVD processes 
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include, for example, atmospheric pressure chemical vapor deposition, low pressure chemical 
vapor deposition (LPCVD), plasma enhanced chemical vapor deposition (PECVD), or any other 
known chemical vapor deposition technique. Further, the RuSixOy-containing diffusion barrier 
layer may be formed by depositing a layer of ruthenium using CVD onto a silicon[ l^containing 
surface followed by an annealing process. 

[0034] The aforementioned CVD processes may be carried out in a chemical vapor 
deposition reactor, such as a reaction chamber available imder the trade designation of 7000 from 
Genus, Inc.[,] (Sunnyvale, CA), a reaction chamber available under the trade designation of 5000 
from Applied Materials, Inc.[,] (Santa Clara, CA), or a reaction chamber available under the trade 
designation of Prism from Novelus, Inc.[,] (San Jose, CA). However, any reaction chamber 
suitable for performing CVD may be used. 

[0035] Oxidizing agents for use in the CVD process may be any gaseous reactant which 
is capable of reacting with the Ru precursor compounds at the decomposition temperatures of the 
latter to form Ru-RuSix-RuSi^Oy films. Suitable oxidizing agents for use with the present method 
include, but are not limited to, air, oxygen, and oxygen-containing compoxmds, such as nitrous 
oxide, tetrahydrofuran, and carbon dioxide, and are preferably selected from mildly oxidizing 
gaseous oxygen sources. 

[0036] CVD may be defined as the formation of a non[-]volatile solid film on a substrate 
by the reaction of vapor phase reactants, i.e., reactant gases, that contain desired components. 
The reactant gases are introduced into the reaction chamber. The gases decompose and react at a 
heated wafer surface to form the desired layer. Chemical vapor deposition is just one process of 
providing thin layers on semiconductor wafers, such as films of elemental metals or compounds 
(e.g., platinum, ruthenium oxide, iridium, molybdenum oxide, etc). Chemical vapor deposition 
processes are favored in many respects because of the process capability to provide highly 
conformal layers even within deep contacts and other openings. Thus, as described fiirther below 
with reference to FIGS. 5 and 6, CVD processing is preferably used to provide highly conformal 
layers within deep contacts and other openings such as for lower electrodes of storage cell 
capacitors. It will be readily apparent to one skilled in the art that although CVD is the preferred 
process, that the CVD process may be enhanced by varioiis related techniques such as plasma 
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assistance, photo assistance, laser assistance, as well as other techniques. In addition, atomic 
layer deposition could be used to form conformal layers. This is a variant of CVD in which a 
single atomic layer is formed on the surface. The layer thickness is self limiting to ^ 1 atomic 
layer. This layer is exposed to reaction gas after pump down or purge, is fully reacted, and the 
reaction gas pumped away. The process is repeated to yield the desired number of layers. 

[0037] In addition, atomic layer deposition could be used to form the layer. This process 
is a special type of CVD in which, based on the process conditions and/or chemistry used, at 
most, a single layer comprising a single type of atom is deposited at one time. Accordingly, the 
thickness of the layer is, at most, the thickness of the relevant atom; hence, the layer may be 
referred to as a "monolayer." Once one monolayer is deposited, the deposition gas is purged and 
a second monolayer comprising a different type of atom[e] is deposited over the first monolayer. 
Additional monolayers may be provided in a similar manner, provided the gases from earlier 
deposition steps are purged from the chamber before each subsequent monolayer is deposited. 
Once at least two monolayers have been deposited, they may be reacted. 

[0038] One preferred method of forming the RuSi^Oy-containing diffusion barrier 
layer 23 is by depositing RuSi^ by CVD. The CVD process is conducted with a ruthenium 
precursor being delivered to a reaction chamber along with a silicon precursor. Typical ruthenium 
precursors in use include liquid ruthenium metal-organic precursors. The ruthenium precursor is 
contained in a bubbler reservoir through which a carrier gas, such as helium or any other inert gas, 
i.e., a gas that is nonreactive with other gases of the process (e.g., nitrogen, argon, neon, and 
xenon), is bubbled through the reservoir containing the precursor to deliver the precursor to the 
reaction chamber. For example, a carrier gas having a volumetric flow rate in the range of about 
one seem to about 500 seem may be used in a bubbler having a pressure in the range of about 0.5 
torr to about 50 torr and a temperature in the range of about 30° C to about 70° C to deliver a 
ruthenixim precursor to [deliver a ruthenium precursor ]the reaction chamber. 

[0039] Any ruthenium[ jicontaining precursor may be used in accordance with the 
present invention. Preferably, the ruthenium precursors are liquid rutheniimi complexes of the 
following formula (Formula I): (diene)Ru(C0)3 wherein: "diene" refers to linear, branched, or 
cyclic dienes, bicyclic dienes, tricyclic dienes, fluorinated derivatives thereof, combinations 
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thereof, and derivatives thereof additionally containing heteroatoms such as halide. Si, S, Se, P, 
As, or N. These precursor complexes and others, as well as various CVD processes, are 
described in Assignees' copending patent application U.S. Serial No. 09/141,236, entitled 
"Precursor Chemistries for Chemical Vapor Deposition of Ruthenium and Ruthenium Oxide," and 
in Assignees' copending patent application entitled "Methods for Preparing Ruthenium and 
Osmium Compounds" having U.S. Serial No. 09/141,43 1, both of which are incorporated by 
reference herein. Additional precursors and methods of depositing ruthenium layers are generally 
discussed in U.S. Patent No. 5,372,849 to McCormick et al., which is incorporated by reference 
herein. More preferably, the ruthenium precursors used according to the present invention 
include one of C6H8Ru(CO)3,(C7H,o)Ru(CO)3, bis(cyclopentadienyl) ruthenium (II), triruthenium 
dodecacarbonyl, and cyclopentadienyl dicarbonyl ruthenixmi (II) dimer. 

[0040] The silicon precursor is also provided to the reaction chamber. For example, the 
silicon precursor may include a silicon hydride or silane such as dichlorosilane (DCS, SiHjClj), 
silane (SiH4), disilane (HjSiSiHs), trichlorosilane (TCS, SiHClj), or any other silicon precursor as 
would be recognized by one skilled in the art. For example, the silicon precursor may be provided 
to the reaction chamber at a rate in the range of about 0. 1 seem to.about 500 seem. Preferably, 
the rate is about 10 seem. 

[0041] One skilled in the art will recognize that the manner in which the gases are 
introduced into the reaction chamber may include one of various techniques. For example, in 
addition to provision by bubbler techniques, the introduction may be accomplished with the use of 
compounds which are gases at room temperature or by heating a volatile compound and 
delivering the volatile compoxmd to the reaction chamber using a carrier gas. Further, solid 
precursors and various methods of vaporizing such solid precursors may also be used for 
introduction of reactant compounds into the chamber. As such, the present invention is not 
limited to any particular technique. For example, reactant gases can be admitted at separate inlet 
ports. In addition to the other gases provided to the reaction chamber, an optional carrier or 
dilution gas (i.e., a gas that is non[-]reactive with the reactant gases) may also be introduced into 
the chamber such as to change the concentrations of the gases therein. For example, argon gas 
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may be introduced into the chamber at a varied flow rate. Oxidizing gases can also be introduced 
into the reaction chamber when an oxidizing atmosphere is desired. 

[0042] In accordance with one method of forming the RuSij^Oy-containing diffusion 
barrier layer, the ruthenium precursor gas, the silicon precursor gas, optionally a dilution gas, and 
an oxidizing gas (if necessary) is provided to the reaction chamber. In this preferred CVD 
process, the reaction chamber pressure is preferably maintained at a deposition pressure of about 
0. 1 torr to about 1 0 torr. The deposition temperature at the wafer surface upon which the 
RuSi^Oy -containing diffusion barrier layer 23 is deposited is preferably held at a temperature in a 
range of about 100° C to about 700° C, more preferably in the range of about 200° C to about 
500° C. 

[0043] Another preferred method of forming a RuSixOy-containing diffusion barrier 
layer 29 according to the present invention is shown in FIGS. 2-4. This method forms the 
RuSi^Oy-containing diffusion barrier layer 29 by depositing a layer of ruthenium 28 as shown in 
FIG. 2 onto a silicon[ jrcontaining region of substrate assembly 26 using a CVD technique. 
Generally, the method can be carried out by introducing a ruthenium precursor composition into a 
CVD chamber together with a carrier or dilution gas, as described in Applicant's Assignees' 
copending patent application entitled "Methods for Preparing Ruthenium Oxide Films," having 
Serial No. 09/140,932, the contents of which are incorporated by reference herein. This 
ruthenium deposition step is followed by an annealing process to react the silicon[ J^containing 
region having silicon[ ];Containing surface 27 with the ruthenium layer 28. The annealing process 
is carried out in an oxidizing atmosphere, such as oxygen gas, to further oxidize the deposited 
layer and to form the RuSi^Oy-containing diffusion barrier layer 29 shown in FIG. 3. Various 
combinations of carrier gases and/or reaction (oxidizing) gases can be used in the methods of the 
present invention. The gases can be introduced into the CVD deposition chamber in a variety of 
manners, such as directly into a vaporization chamber of the CVD deposition chamber or in 
combination with the ruthenium precursor composition. Thereafter, a conductive layer 31 (e.g., 
the conductive layer [14]24 of FIG. 1) is formed on the RuSi^Oy-containing diffusion barrier layer 
29, as shown in FIG. 4. 
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[0044] The annealing process is preferably performed in situ in the reaction chamber in a 
nitrogen atmosphere, although any other nonreactive atmosphere may be used, e.g., argon. 
Preferably, the annealing temperature is within the range of about 400° C to about 1000° C, more 
preferably about 500° C. The anneal is preferably performed for a time period of about 0.5 
minutes to about 60 minutes. One of ordinary skill in the art will recognize that such 
temperatures and time periods may vary and that the anneal parameters should be sufficient to 
convert the ruthenium layer 28, following oxidation, into RuSi^Oy - containing diffusion barrier 
laver 29> where x and y are in the ranges previously described herein. For example, various 
anneal techniques (e.g., furnace anneals, anneal, process RTP, and rapid thermal smearing) may 
be used and may be performed in one or more annealing steps. Likewise, it may not be necessary 
or desirable to convert the entire ruthenium layer to RuSi^Oy as long as sufficient barrier 
properties are attained with the amount of ruthenium converted. 

[0045] The ruthenium layer 28 deposited for forming the RuSi^Oy-containing diffusion 
barrier layer 29 is preferably of a thickness in the range of about lOA to about lOOOA. More 
preferably, the thickness is in the range is about 50A to about of 500A[;] and^ even more 
preferably^ the thickness is about 300A. 

[0046] Referring to FIG. 5, a structure 30 is shown which includes a substrate 
assembly 32, e.g., a silicon substrate region, and a stack 34, The stack 34 includes conductive 
layers 41-44. One or more of the conductive layers 41-44 may be RuSi^Oy-containing diffusion 
barrier layers according to the present invention. The one or more conductive layers, in addition 
to including one or more RuSi^Oy-containing diffusion barrier layers, may include conductive 
layers formed of various conductive materials. For example, the conductive layers may include, 
but are not limited to, layers formed of metals, metal oxides or combinations thereof By way of 
example, the conductive layers may include metals such as rhodium, palladium, ruthenium, 
platinum, and iridium or metal oxides such as ruthenium oxide, rhodium oxide, molybdenum oxide 
and iridium oxide. 

[0047] The stack 34 may be used for various applications, such as, interconnection 
applications and capacitor applications. For example, the stack 34 may be used as an electrode 
for a storage cell capacitor with substrate assembly 32 including a silicon[ ];Containing surface 33. 
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As such, the barrier properties of the stack 34 prevent silicon diffusion.from silicon-containing 
surface 33. In accordance with the present invention, the layer 41 may be formed as the RuSi^Oy- 
containing diffusion barrier layer to prevent diffusion of silicon from silicon-containing surface 33 
through stack 34 to adjacent layer or layers 39 or to the surface of the stack 34, and to prevent 
oxygen diffusion to the silicon-containing surface. 

[0048] FIG. 6 shows a structure 50 including substrate assembly 52, e,g. , a silicon 
substrate, and capacitor structure 54 formed relative thereto. Capacitor structure 54 includes a 
first electrode 56, a second electrode 60, and a high dielectric constant layer 58 interposed 
therebetween. The dielectric layer may be any suitable material having a desirable dielectric 
constant, such as, for example, Ba^Sr^.^^TiOj [BST], BaTiOa, SrTiOj, PbTiOj, Pb(Zr,Ti)03 
[PZT], (Pb,La)(Zr,Ti)03 [PLZT], (Pb,La)Ti03 [PLT], TajOj, KNO3, and/or LiNbOj. With use of 
the high dielectric constant layer 58, diffusion barrier properties of the electrodes is particularly 
important. 

[0049] In a bottom electrode of a capacitor structure, such as that shown in FIG. 6, the 
electrode layer or electrode stack must act as an effective barrier to the diffusion of silicon, 
particularly due to the high temperature processes used to form the high dielectric constant 
materials. Such diffusion barrier properties are particularly essential when the substrate assembly 
52 includes a silicon-containing surface 53 (e.g., polysilicon, silicon substrate material, N-doped 
silicon, P-doped silicon) upon which the capacitor is formed, due to oxidation of the diffused 
silicon which may result in degraded capacitance, such as that seen in memory devices. 
Additionally, the electrode stack must act as an oxygen barrier to protect the silicon-containing 
surface under the stack from oxidizing. The formation of the RuSixOy-containing diffusion barrier 
layer enhances the barrier properties of the stack. One of ordinary skill in the art will recognize 
that the [stack]first electrode 56 includes one or more RuSi^Oy-containing diffusion barrier layers 
and one or more additional conductive layers, as described with reference to FIG. 5. 

[0050] The RuSi^Oy-containing diffusion barrier layers of the present invention have 
numerous and varied applications in the area of semiconductor device and semiconductor 
structure fabrication. For example, the use of RuSi^Oy-containing diffusion barrier layers of the 
present invention is described with reference to FIG. 7, wherein a contact liner requiring diffusion 
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barrier characteristics is described. More specifically, device structure 70 is fabricated in 
accordance with conventional processing techniques through the formation of contact opening 
102 prior to metallization of the contact area 94 of substrate 80. As such, prior to metallization, 
the device structure 70 includes field oxide region 82 and active areas (represented by regions of 
substrate 80 not covered by field oxide). Word line 92 and field effect transistor ( FET) 90 are 
formed relative to the field oxide regions 82 in the active areas. Suitably doped source/drain 
regions 84, [94]86 are formed by conventional methods known to one of ordinary skill in the art. 
A conformal layer of oxide material 88 is formed thereover and contact opening 102 is defined 
therein to the contact area 94 of dope d source region 84 of silicon substrate 80. Thereafter, one 
or more metallization or conductive layers (e.g., titanium nitride or other diffusion barrier 
materials) are formed in the contact opening 102 for providing electrical connection to 
[substrate]source region 84. Preferably, contact liner 100 is a RuSi^Oy-containing diffusion 
barrier layer formed according to the present invention on bottom surface 96 and the one or more 
side walls 98 defining the contact opening 102. The RuSi^Oy-containing diffusion barrier layer is 
generally deposited over the entire substrate assembly and then planarized to form the contact 
liner 100. Thereafter, a conductive material 104 ( e.g., aluminum, W, Cu) is formed in the contact 
opening for providing connection to dope d source region 84 of substrate 80. 

[0051] Alternatively, the present invention may be used to fabricate a bottom electrode 
of a high dielectric capacitor of a storage cell that includes one or more RuSi^Oy-containing 
diffusion barrier layers, as described in FIG. 8. Specifically, a device structure 106 is fabricated in 
accordance with conventional processing techniques through the formation of an opening 1 14 
prior to depositing a bottom electrode structure 1 18 on the surface 1 12 (preferably a silicon- 
containing surface) and surface 116 defining the opening 1 14. A bottom electrode 
[stack] structure 118, which includes a RuSi^Oy-containing diffusion barrier layer, and one or more 
other conductive layers is formed in opening 1 14 according to the present invention^ as previously 
described herein. The substrate assembly 110 may include various elements, such as field oxide 
regions, active regions (i.e., regions of a silicon substrate not covered by field oxide) word lines, 
field effect transistors (FET), and source/drain regions created in the silicon substrate. An 
insulative layer of oxide material 1 13 is formed over the substrate assembly. The opening 11 4 in 
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the insulative layer of oxide [laver] material 1 13 is a small^ high aspect ratio opening. As described 
herein, small^ high aspect ratio openings have feature sizes or critical dimensions below about 1 
micron (e.g., such as a diameter or width of an opening being less than about 1 micron) and 
aspect ratios (ratio of depth to width) greater than about 4. Such aspect ratios are applicable to 
contact holes, vias, trenches, and any other configured openings. For example, a trench having an 
opening of 1 micron and depth of 3 microns has an aspect ratio of 3. The present invention is 
particularly useful in the formation of diffusion barrier layers in small, high aspect ratio features 
due to the use of CVD processes for forming conformal RuSixOy-containing diffusion barrier 
layers over step structures. 

[0052] As shown in FIG. 8, a [stack]bottom electrode structure 1 1 8, including an 
RuSixOy-containing diffusion barrier layer, is formed on the [bottom] surface 1 12 and the one or 
more [side walls] surfaces 1 16 defining opening 1 14. In this particular embodiment of the 
invention, the electrode stack layers are formed over the entire structure, including the [bottom] 
surface 1 12 and [sidewalls] surface 116. The layers are then formed into [lower 
electrode 1 18] bottom electrode structure 1 18 . By way of example, the stack layers may be 
etched or planarized to remove desired regions for forming the bottom electrode structure 118. 
Thereafter, dielectric layer 120 is formed relative to the [stack]bottom electrode structure 118. 
The second electrode 192 is then formed relative to the dielectric material 120. Such an electrode 
may, for example, be composed of any suitable conductive material, such as tungsten nitride, 
titanium nitride, tantalimi nitride, ruthenium, rhodium, iridium, ruthenium oxide, iridium oxide, 
any combination thereof, or any other conductive material typically used as an electrode or 
electrode layer of a storage cell capacitor. In accordance with the instant embodiment of the 
present invention, the bottom electrode is conformally formed of a stack of layers, including a 
RuSi^Oy-containing diffusion barrier layer, having uniform thickness and deposited using CVD 
processes to provide suitable barrier properties. 

[0053] It will be recognized by one skilled in the art that, in addition to the embodiments 
described herein, any capacitor formed relative to a surface (e.g., silicon[ Jzcontaining surface) 
whereupon diffusion barrier properties are required and/or conformally formed conductive layers 
are required may benefit from the present invention. For example, container capacitors typically 
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include electrodes formed on surfaces requiring conformal formation of a bottom electrode. Such 
a container capacitor storage cell is described in U.S. Patent No. 5,270,241 to Dennison, et al., 
entitled "Optimized Container Stack Capacitor DRAM Cell Utilizing Sacrificial Oxide Deposition 
and Chemical Mechanical Polishing," issued December 14, 1993, and incorporated herein by this 
reference. The present invention may also be employed in the fabrication of other semiconductor 
processes and structures for various devices (e.g., CMOS devices, memory devices, logic devices, 
etc.). It should be imderstood that the present invention is not limited to the illustrative 
embodiments described herein and that the RuSixOy-containing diffusion barrier layer of the 
present invention may be used for any application requiring diffusion barrier characteristics, 
particularly those for preventing diffusion of silicon and/or oxygen into adjacent layers. 

[0054] FIGS. 9 through 1 [4]2 show x-ray photo-electron spectrographic (XPS) depth 
profiles of sample wafers including layers containing RuOj, Si, and TiN layers, and additionally 
having a RuSi^Oy diffusion barrier layer therein. The RuSi^Oy diffusion barrier layer was formed 
by a conventional CVD process. For each individual sample, a pre-anneal and post-anneal XPS 
analysis was conducted to determine the chemical state of the silicon and whether the TiN 
survived the anneal process. The depth profile was determined for the sample wafer after the 
structure had undergone rapid thermal nitridation (RTN) at a temperature of about 700° C for a 
time period of about 60 seconds. Under such conditions the RuOj film disporportionates to Ru + 
RUO4 and will oxidize the TiN if no barrier is present. As described hereinafter, the analytical data 
shows that no oxidation or silicidation of the TiN layer was observed and that minimal, if any, 
silicon diffusion through the RuSi^Oy diffusion barrier layer and, therefore, no oxidation of the 
silicon layer in the tested samples was observed. 

[0055] The reaction chamber used for fabricating the sample wafer was a CVD chamber 
manufactured by MDC Vacuum Products Corp. (Hayward, CA) and the bubblers used are glass 
research bubblers from Technical Glass Service (Boise, ID). The conditions used for forming the 
RuSi^Oy-containing diffusion barrier layer include: 

[0056] Ruthenium Precursor: C6H8Ru(CO)3. 

[0057] Rutheniimi Carrier Gas for use through Bubbler: 5 seem of helium. 
[0058] Ruthenium Bubbler Conditions: pressure of 3 torr, temperature of 25 ° C. 
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[0059] Reaction Chamber Conditions: pressure of 0.5 torr, deposition temperature of 
240° C at wafer surface, 0.2 seem SijH^. 

[0060] Deposition Time: 1 minute. 

[0061] The conditions used for the forming the ruthenium oxide layer include: 
[0062] Ruthenium Precursor: C6H8Ru(CO)3. 

[0063] Ruthenium Carrier Gas for use through Bubbler: 40 seem of helium, 40 seem 
reaction gas. 

[0064] Ruthenium Bubbler Conditions: pressure of 3 torr, temperature of 25° C. 
[0065] Reaction Chamber Conditions: pressure of 3 torr, deposition temperature of 
230° Cat wafer surface. 

[0066] Deposition Time: 20 minutes. 

[0067] The depth profile was attained by using an XPS device available under the trade 
designation Phi (O) 5600 from Physical Electronics (Eden Prairie, MN). The operating 
conditions for obtaining the profile include x-ray source of 350 W, monochromatic Al (hV = 
1486.6 eV); 45 degree exaction; 800 //m extraction aperture. Sputtering was performed with a 3 
keV Argon ion beam restored over a 3 mm area. The sputter time for the depth profile [of FIG. 
7A] was 20 minutes. 

[0068] FIG. 9 shows a depth profile of a sample wafer including a RuOj layer having a 
thickness of about 700A formed over a Ru/RuSi^y layer having a thickness of about 300 A 
formed on a SiOj substrate. FIG. 9 shows the films as deposited before any oxidizing aimeals 
and[ ], thus, represents a control. 

[0069] FIG. 10 shows the same film as described in FIG. 9 after undergoing RTN. After 
the structure has undergone RTN at a temperature of about 700° C for a time period of 60 
seconds, that is, when the RuOj layer is subjected to RTN, it produces RUO4. In the absence of 
the Ru/RuSi^Oy layer, the xmderlying TiN layer would be completely oxidized. However, due to 
the presence of the Ru/RuSi^Oy layer, an effective barrier is created, thus preventing oxidation of 
the underlying layer (/.e., TiN layer). 

[0070] FIG[S]. 1 1 represents a depth profile of a sample wafer as described in reference 
to FIGS. 9 and 10, except that the RuSi layer was deposited using 5 SCCM of NjO as an oxidizer 
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(40 SCCM He carrier 0.2 SCCM SijH^ at 260 °C and 3 torr). As shown in FIG. 1 1, the XPS 
atomic concentration depth profile of this pre-RTN sample indicates the presence of a SiOj- 
containing RuSi^ layer having a thickness of about 500A. 

[00711 FIG[S]. 12 represents a depth profile of a sample wafer as described in reference 
to FIG. 1 1, except that RuSi^ layer was deposited in the absence of an oxidizer. As shown in FIG. 
12, the XPS atomic concentration depth profile of this pre-RTN sample indicates the presence of 
a SiOj-containing RuSi^ layer having a thickness of about 3 50 A on a TiN layer. Notably, no 
RuSix was detected in the Ru-containing film, only RuSi^Oy. 

[0072] FIGS. 1 1 and 1 2 indicate that the amount of oxygen in RuSi^y film can actually 
be reduced by using N2O as a reaction gas presumably since small amounts of NjO increase 
growth rate without being incorporating. 

[0073] It will be recognized by a person having skill in the art that, in addition to the 
embodiments described herein, the present invention may be carried out to include controlled 
deposition of one or more "monolayers" of RuSi^Oy-containing barrier layer(s). This process, 
typically referred to as atomic layer deposition, atomic layer epitaxy, sequential layer deposition, 
or pulsed-gas CVD, involves use of a precursor based on self-limiting surface reactions. 
Generally, a substrate is exposed to a[].first species that deposits as a monolayer and the 
monolayer then being exposed to a second species to form a new layer plus gaseous byproducts. 
The process is typically repeated until a desired thickness is achieved. Atomic layer deposition 
and various methods to carry out the same are described in U.S. Patent 4,058,430 to Simtola et 
al., entitled "Method for Producing Compound Thin Films," U.S. Patent 4,413,022 to Suntola et 
al., entitled "Method for Performing Growth of Compound Thin Films," Ylilammi, "Monolayer 
Thickness in Atomic Layer Deposition," Thin Solid Films 279 (1996) 124-130, and S.M. George 
et al., "Surface Chemistry for Atomic Layer Growth," J. Phys. Chem. 1996, 100, 1312M3131, 
the disclosures of each such document are hereby incorporated by reference. 

[0074] The process has also been described as a CVD operation performed under 
controlled conditions which cause the deposition to be self-limiting to yield deposition of, at most, 
a monolayer. The deposition of a monolayer is significant in many areas because it facilitates 
theoretically conformal films, precise control of film thickness, and improved compound material 
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layer uniformity. In practice, however, the deposited "monolayer" is rarely a complete and true 
monolayer, there always being something less than complete coverage of an underlying layer or 
other surface, due to the space consumed by the non-incorporating components of the metal 
organic precursor. Combinations of deposition processes discussed herein may be used to 
provide deposition materials (e.g., atomic laver deposition ( ALP) and non-ALD types of CVD). 
Accordingly, exemplary embodiments of the invention include within their scope deposition of a 
monolayer under conditions designed to achieve such results, as well as conditions with a 
subsequent shift of conditions toward the CVD regime, such that, to the extent required, the 
deposition of the [RuSixOy-containing] RuSi^ O^. -containing barrier layers is effected as 3-5 
"monolayers" rather than a single monolayer. 

[0075] More specifically, deposition of monolayers is accomplished in a CVD chamber, 
as previously described with reference to the CVD deposition method, but with the addition of 
pulsing valves to allow the sv^tching between the precursor and purge gas and the SiH4 (SijH^) 
and purge gas. Bubblers, however, are not required since carrier gases may or may not be used, 
depending on the configuration of the vacuum system. For this example, a simple storage ampule 
with a single outlet and no inlet is used. As with the CVD method, C5H8Ru(CO)3 is used as the 
ruthenium precursor. The deposition temperature of the wafer surface is 50-250 degrees C. and 
the reaction chamber is kept at a variable pressure range of about 0.5 torr to about 0.0001 torr. 
The reaction chamber is fully opened to the pumps of the vacuum system to create a vacuum in 
the CVD chamber and the ruthenium precursor gas is introduced at low pressure, preferably about 
0.0001 torr. Introduction of the ruthenium precursor gas under these conditions will result in the 
deposition of, at most, a monolayer of ruthenium over the surface of the wafer. A purge cycle is 
then initiated by introducing a non[-]reactive gas, such as He or Ar, at a volumetric flow rate of 
about 50 seem into the reaction chamber at 0.5 torr. It is understood that any suitable non[- 
]reactive gas may be used and that the non[-]reactive gas may be introduced at a rate of between 
about 0.1 seem to about 500 seem to optimize system conditions. Silane or disilane is introduced 
into the reaction chamber at a rate of about 5 seem, which results in the deposition of a silicon 
monolayer over the previously deposited ruthenium monolayer. This is followed by a purge cycle 
of non[-]reactive gas, as previously described. It is understood that oxygen can be added as a 
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separate oxygen/purge cycle as needed for every individual cycle in order to give the required 
oxygen content. In general, however, sufficient oxygen is available from background O2 and HjO 
in the chamber to oxidize the underlying RuSi^ layer formed in the preceding steps. The 
monolayer of adsorbed precursor from the initial precursor deposition step will react directly 
when exposed to the reaction gas in the third step of the foregoing dose precursor/ purge/ dose 
reaction gas/ purge sequence, which results in controlled deposition of one or more RuSi^Oy- 
containing barrier monolayers. i 

[0076] Although this invention has been described with reference to illustrative 
embodiments, it is not meant to be construed in a limiting sense. As described previously, one 
skilled in the art will recognize that various other illustrative applications may use the RuSi^Oy 
diffusion barrier layer as described herein to take advantage of the beneficial barrier characteristics 
thereof Various modifications of the illustrative embodiments, as well as additional embodiments 
to the invention, will be apparent to persons skilled in the art upon reference to this description. 
It is therefore contemplated that any such modifications or embodiments may fall within the scope 
of the present invention as defined by the accompanying claims. 
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APPENDIX C 

(CLEAN VERSION OF ALL PENDING CLAIMS) 
(Serial No. 09/651,620) 



CLAIMS 

What is claimed is : 

1 . A method for forming^semiconductor device structure comprising: 
providing a semiconductor subsjbme assembly having a surface; and 

forming a diffusion barrier^J^er over at least a portion of the surface, wherein the diffusion barrier 
layer comprise^^uSixOy. 



2. (Amended) The method of claim 1, wherein forming the diffusion barrier layer over at 
least a portion of the surface comprises forming a layer of RuSi^Oy where >^s in a range of about 
0.01 to about 10. 

3. (Amended) The method of claim 2, wherein forming tlfe diffusion barrier layer over at 
least a portion of the surface further comprises forming a layej^f RuSi^Oy where x is about 0.4. 

4. (Amended) The method of claim 1 , wherein fiSrming the diffusion barrier layer over at 
least a portion of the surface further comprises forming a layer of RuSi^Oy where y is in a range of 
about 0.01 to about 10. 

5. (Amended) The method of clainyf, wherein forming the diffusion barrier layer over at 
least a portion of the surface further composes forming a layer of RuSi^Oy where y is about 0.05. 

6. (Amended) The methoa^n claim 1, wherein forming the diffusion barrier layer 
includes depositing RuSi^Oy by ^emical vapor deposition. 

7. (Amended) The/method of claim 1, wherein forming the diffusion barrier layer 
includes depositing Rul^Oy by atomic layer deposition. 



8. (Amendeid) The method of claim 7, wherein forming the diffusion barrier layer 
includes depositi;lg three to five monolayers of RuSi^Oy. 
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9. (Amended) The mejbdoof claim 1, wherein forming the diffusion barrier layer 



I includes depositing RuSi,^0^y physical vapor deposition. 



10. The method of claim ly^erein forming said diffusion barrier layer comprises: 
forming a layer of ruthenium relative to a silicon-containing region; and 

performing an anneal in an o^fldizing atmosphere to form RuSi^Oy from the layer of ruthenium and 
the silicon-contaimng region. 

1 1 • The iriethod of claim 1 0, wherein forming the layer of ruthenium includes 
depositing the lay^ of ruthenium by chemical vapor deposition. 

12. /The method of claim 10, wherein forming the layer of ruthenium includes 
depositing tjafe layer of ruthenium by atomic layer deposition. 

The method of claim 12, wherein forming the layer of rutheniimi includes 
depositing three to five monolayers of RuSi^Oy. 



14. (Amended) The method of claim 10, wherein nOTorming the anneal in an oxidizing 
atmosphere includes performing an anneal in an atmosp^re including an oxidizing gas. 

15. (Amended) The method of claim 1, fmher including forming at least one additional 
riductive material over the diffusion barrier layer and selecting the at least one additional 

conductive material from a group of a n^t^ and a conductive metal oxide. 



16. (Amended) The method oi claim 10, wherein performing the anneal in an oxidizing 
atmosphere to form the RuSi^Oy incjKides performing an anneal at a temperature in a range of 
about 400° C to about 1000° C. 
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17. (Amended) The method of claim 10, wherein performing the anneal in an oxidizing 
atmosphere to form RuSi^Oy from the layer of ruthenium and the sfllicon-containing region 
comprises performing said anneal in an atmosphere comprisinj^ air, oxygen, and oxygen- 
containing compoimds. 



18. (Amended) The method of claim 10, v^lUpin said silicon-containing region includes 
at least a portion of said semiconductor substrate asrembly. 



19. The method of clainiXwherein forming said diffusion barrier layer comprises 
forming a diffusion barrier layer;in an oxidizing atmosphere. 



20. (Amended) The method oMmn 19, wherein forming the diffusion barrier layer in an 
oxidizing atmosphere comprises fonpmg\ diffusion barrier layer in an atmosphere including an 
oxidizing gas. X 



21 . (Amended) A method for forming a capacitor com^sing: 
forming a first electrode on a portion of a substrate assembly; 

forming a high dielectric constant material oyep^least a portion of the first electrode; and 
forming a second electrode over the higlf^ielectric constant material, wherein at least one of the 

first and second electro^s^^omprises a barrier layer formed of RuSi^Oy, where x and y are 

in a range of about 0.01 to about 10. 




22. (Amended) The method of claim 21, wherein x and y are in a range of about 0,01 to 



about 1. 




23./ The method of claim 22, Avherein^x is about 0.4 




24. The method of claimjM, wherein y is about 0.05 
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25. The method of claim 2 1 , wherein tl^gr barrier layer is formed by chemical vapor 
deposition. 

26. The method of claim 21 ^ymerein the barrier layer is formed by atomic layer 
deposition. 



27. The method ofidaim 21, wherein forming the barrier layer includes depositing 
three to five monolayers o^uSi^Oy. ^ 





28. (Amended) A method for fonning a capacitorcompfising: 
^ \ providing a silicon-containing region of a substrate^sembly ; 

forming a first electrode on at least a portion of me silicon-containing region of the substrate 

assembly, the first electrode comprising a barrier layer of RuSi^Oy, where x and y are in a 
M range of about 0.01 to about 10; 

providing a high dielectric constant material over at least a portion of the first electrode; and 
providing a second electrode over the high dielectric constant material. 



29. (Amended) The method of claim 28, wherein x and y are in a range of about 0.01 to 



about 1. 



30. The method of claim 28, yierein a first electrode comprises: 
forming a layer of ruthenium on the aUeast a portion of the silicon-containing region; and 
annealing the layer of ruthenium fwrned on the at least a portion of the silicon-containing region 
resulting in the RuSi^Oy jz^arrier layer. 



3 1 . (Amended) The method of clam^^Ofwherein forming the layer of ruthenium includes 
\^ depositing the layer of ruthenixim b^h^mical vapor deposition to a thickness of firom about lOA 
(J<y to about 5000A. 
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32. (Amended) The method of clmpi'S^wherein forming the layer of ruthenium includes 
l) depositing the layer of ruthenium b^at^ic layer deposition to a thickness of from about lOA to 
about 5000A. 




33. The method of claim 3^fwherein forming the layer of ruthenium includes 



depositing three to five monola^^^of ruthenium. 



34. (Amended) The method of claim 31, wherein forming the layer of ruA^ 
comprises forming a layer of ruthenium to a thicknes^,*<ff from about 50A to about 500A. 

35. (Amended) The method of clmfn 34, wherein forniing the layer of ruthenium fi^ 
comprises forming a layer of rutheni^^fno a thickness of about 300A, 

36. (Amended) The iMthod of claim 30, wherein annealing the layer of ruthenium 
formed on the at least a ncJition of the silicon-containing region includes annealing at a 
temperature in a rang^f about 400° C to about 1000° C for about 0.5 minutes to about 60 
minutes in an inerfgas atmosphere. 



0.1 



37./ The method of claim 28, vmerein the RuSi^Oy barrier layer is formed by chemical 
vapor deposition using a ruthenium erecursor and a silicon precursor. 



38. (Amended) A method for forming a^c^apitc^r compnsmg: 
providing a silicon-containing region of a substrate assembly; 



a^u^t 




forming a first electrode on at least a portion of the silicon-containing region of the substrate 
assembly, the forming of th^first electrode comprising: 
forming a barrier layer^ofRuSixOy, where x and y are in a range of about 0.01 to about 10, 
and 
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forming one or more conductive layers relative to the RjiSi^Oy barrier layer, the one or 
more conductive layers formed of at least^tle of a metal or a conductive metal 
oxide; 

providing a high dielectric constant material ovpi^ it least a portion of the first electrode; and 
providing a second electrode over the higlyiielectric constant material. 



39. (Amended) The methpflofclaim 38, wherein the one or more conductive layers are 
formed from materials selectedlrom the group consisting of RuOj, Rh02, MoOj, Ir02, Ru, Rh, 
Pd, Pt, Ir, W, WN, TaN, O^d OSO2. 

40. (Amemied) The method of claim 38, wherein forming the barrier layer includes: 
forming a layer pi ruthenium on the at least a portion of the silicon-containing region; and 
annealing the/(ayer of ruthenium formed on the at least a portion of the silicon-containing region, 

res;flting in the RuSi^Oy barrier layer. 

41 . The method of claim 38, wherein ^ RuSi^Oy barrier layer is formed by chemical 
vapor deposition using a ruthenium precursoF^d a silicon precursor. 

42. The method of claim 3^ wherein the RuSi^^Oy barrier layer is formed by atomic 
layer deposition using a ruthenium^recursor and a silicon precursor. 



43. The method/of claim 42, wherein threejo^e layers of RuSi^Oy are formed. 



44. (Amended) A semiconductOT^^ice structure comprising: 
a substrate assembly including a surface; and 

a diffusion barrier layer over aj4^t a portion of the surface, wherein the diffusion barrier layer is 
formed of RuSi^Oywhere x and y are in a range of about 0.01 to about 10. 



27 



(Amended) The structure of claiin^4fwherein x and y are in a range of about 0.1 to 

tt AVTvI about 1. 



46. The structure of claim 4^<^herein x is about 0.4, 

47. The structurexJF claim 45, wherein y is about 0.03. 

48. Thp^'^cture of claim 44, wherein the at least a portion of the surface is a silicon- 
containing sumce and further wherein the structure includes one or more additional conductive 
layers oy^ the diffusion barrier layer formed of at least one of a metal and a conductive metal 

oxic^ 

49. (Amended) The structure of claim 48, wherein the ona>efmore additional conductive 
layers are formed from materials selected from the group con^ting of RUO2, RhOj, M0O2, IrOj, 
Ru, Rh, Pd, Pt, Ir, W, WN, TaN, Os, and OsOj. 

50. (Amended) A capacitor structure cor^^rising: 
a first electrode; 

a high dielectric constant material on at least a portion of the first electrode; and 
a second electrode on the high dielecteic constant material, wherein at least one of the first and 

second electrodes compri^s a diffusion barrier layer formed of RuSi^Oy, where x and y 

are in a range of about 0^1 to about 10. 




51 . (Amended) The structure of claim 50, wherein x and y are in a range of about 0.01 to 



about 1. 



52. (Amended) The structure of claim 50, wherein the diffusion barrier layer of the at 
least one of thirst and second electrodes is formed on at least a portion of a silicon-containing 
region and fimher wherein the capacitor structure includes one or more additional conductive 
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layers over the diflfusion barrier layer formed of at least one of a metal ^xd^ conductive metal 
oxide. 

53. (Amended) The structure of claim 52, wherein the one or more additional conductive 
layers are formed from materials selected from ^d^oup consisting of RuOj, RhOj, M0O2, IrOj, 
Ru, Pt, Ir, W, WN, TaN, Os, and OsOj. 

54. (Amended) An integrated circuit structure comprising: 

a substrate assembly including^^t least one active device and a silicon-containing region; and 
an interconnect formed relafive to the at least one active device and the silicon-containing region, 
the interconnecj/mcluding a diflfusion barrier layer on at least a portion of the silicon- 
containing region, wherein the diffusion barrier layer is formed of RuSi^Oy, where x and y 
are in a range of about 0.01 to about 10. 



55. /Amended) The structure of claim 54, wherein x and y are in a range of about 0.1 to 



about 1. 



56. The structure of claim 54; wherein x is about 0.4. 



57. The structure of cjaim 54, wherein y is about 0.05. 



58. The structiu?e of claim 54, further comprising a conductive contact material formed 
relative to the dififusionflSarrier layer. 



59. (Amended) A method for forming a semiconductor device structure having a RuSiPy 
barrier layer, the method compfia^^ 

(a) placing a semiconductor substrate assembly in a reaction chamber, said semiconductor 
substrate assembly havjfng a surface; 
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(b) introducing a ruthenium precursor into said reaction chamber to form a single layer of 
ruthenium on at least a portion of said semiconductor substrate/assembly surface; 



(c) introducin^)ionreactive gas into said reaction chamber to substantially cover said single 
layer of ruthenium and purge said ruthenium precursor 



frcmi! 



said reaction chamber; 

(d) introducing; a silicon precursor into said reaction chamber/o form a single layer of RuSi^Oy on 

assembly surface; and 

(e) introducin^aljo'nreactive gas into said reaction cham^r to substantially cover said single 
layer of RuSi^Oy and purge said silicon precur^r from said reaction chamber. 



60. (Amended) The method of claim 59,/further comprising introducing an oxygen- 
containing substance into said reaction chambe/to form a single barrier layer of RuSi^y on the at 
least a portion of said semiconductor substrate assembly surface. 



61. (Amended) The method of^laim 59, wherein said introducing said silicon precursor 
into said reaction chamber compAses/introducing said silicon precursor in an oxidizing 
atmosphere within said reaction wMiber. 

62. (Amended) The method of claim 61, wherein said introducing said silicon precursor 
in an oxidizing atmosphere cfomprises introducing said silicon precursor in an atmosphere 
comprising air, oxygen, o/an oxygen-containing compound. 



63. Thej^rraiod of claim 59, wherein said ruthenium precursor comprises 
QH8Ru(C0), 



64. (Amended) The ni^od of claim 59, wherein said introducing said nonreactive gas 
comprises introducing a no^active gas selected from a group consisting of nitrogen, argon, 
neon, and xenon. 
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65. (Amended) The method of claim 59, whereiffiaid introducing said silicon precursor 
comprises introducing silane or disilane into said reactk«a chamber. 



66. The methoii^f claim 59, wherein steps (a) through (e) are repeated to form 3 to 5 
RuSi^Oy barrier monpmyers. 
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PROCESS FOR THE FORMATION OF RuSi^Oy-CONTAINING 
BARRIER LAYERS FOR HIGH-k DIELECTRICS 

BACKGROUND OF THE INVENTION 
[0001] Field of the Invention : The present invention relates to semiconductor devices 
and the fabrication thereof More particularly, the present invention pertains to diffusion barrier 
layers. 

[0002] State of the Art : Integrated circuits typically include various conductive layers. 
For example, in the fabrication of semiconductor devices such as dynamic random access 
memories (DRAMs) and static random access memories (SRAMs), conductive materials are 
typically used in the formation of storage cell capacitors and interconnection structures (e.g., 
conductive layers in contact holes, vias, etc.). In many applications, such materials must provide 
effective diffusion barrier characteristics, which are required for conductive materials used in the 
formation of semiconductor structures, such as storage cell capacitors of memory devices (e.g., 
DRAMs). 

[0003] As memory devices become more dense in terms of memory capacity per unit 
area, it is necessary to decrease the size of circuit components forming such devices. In order to 
retain storage capacity of storage cell capacitors of the memory devices v^hile decreasing the 
memory device size, the dielectric constant of the dielectric layer of the storage cell capacitor is 
increased. To accomplish these goals, high dielectric constant materials interposed between two 
electrodes are used in such applications. When one or more layers of various conductive 
materials are used as the electrode material, the conductive materials must have certain diffusion 
barrier properties, such as silicon diffusion barrier properties (e.g., when the bottom electrode of a 
cell capacitor is used as an electrode). Such properties are particularly critical when high 
dielectric constant materials are used (e.g., in the dielectric layer of the storage cell capacitor) 
given that the processes used for forming such high dielectric constant materials usually occur at 
high temperatures (generally greater than about 500'' C) in an oxygen-containing atmosphere. 

[0004] Various metals and metallic compounds, for example, metals such as platinum 
and conductive metal oxides such as ruthenium oxide, have been proposed for use as electrodes 
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or as electrode stack layers with high dielectric constant materials. However, such electrical 
connections must be constructed so as to not diminish the beneficial properties of the high 
dielectric constant materials. For example, in order for platinum or ruthenium oxide to function 
well as a bottom electrode or as one of the layers of an electrode stack, an effective barrier to the 
diffusion of silicon from the substrate or other silicon-containing region to the top of the electrode 
must be provided. This is required to prevent silicon at the surface of the electrode stack from 
being oxidized during the oxygen anneal of the high dielectric constant materials, e.g., TajOj or 
BaSrTiOj, which oxidation results in a decreased series capacitance and, in turn, degradation of 
the storage capacity of the cell capacitor. Similarly, Oj diffusing through the platinum or RuOj to 
the underlying Si yields SiOj at the base of the electrode, thus decreasing series capacitance. 
Platinum and ruthenium oxide, when used alone as an electrode, are generally too permeable to 
oxygen and silicon to be used as a bottom electrode of a storage cell capacitor formed on a silicon 
substrate region. Due to the permeability of such materials to oxygen and silicon, platinum is 
typically used as a layer in an electrode stack, acting as the electrode using a distinct diffusion 
barrier for integration of capacitors directly formed on silicon. 

[0005] Examples of the foregoing structures and methods are known in the art. For 
example, as described in the article "Novel High Temperature Multilayer Electrode-Barrier 
Structure for High Density Ferroelectric Memories" by H.D. Bhatt, et al., A ppL Phvs. Letter . 
71(5), 4 August 1997, the electrode barrier structure includes layers of platinum:rhodium alloy, in 
addition to platinum:rhodium oxide layers, to form electrodes with diffusion barrier properties. 
Such alloy layers are formed using physical vapor deposition (PVD) processing (e.g., reactive RF 
sputtering processes). Further, for example, the article entitled "(Ba, Sr)Ti03 Films Prepared by 
Liquid Source Chemical Vapor Deposition on Ru Electrodes" by Kawahara et al, Jpn. J. App l. 
Phvs.. Vol. 35 (1996) Pt. 1, No. 9B, pp. 4880-4885, describes the use of ruthenium and 
ruthenium oxide for forming electrodes in conjunction with high dielectric constant materials. 

[0006] hi view of the aforementioned shortcomings of the methods and structures being 
currently practiced, it would be advantageous to provide a barrier layer that maintains the 
performance of high dielectric capacitors, prevents oxidation of underlying Si contacts, and 
prevents silicon diffusion into an electrode or dielectric. It would be of further advantage to form 
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a barrier layer that reduces or eliminates the diffusion or migration of ruthenium into an elemental 
Si or a silicide layer, or vice versa, which typically occurs as a result of the high solubility of 
silicon in ruthenium. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides RuSi^Oy-containing diffusion barrier layers, along 
with structures incorporating such diffusion barrier layers and methods of fabricating the same. 

[0008] A method of fabricating semiconductor devices and assemblies (e.g. , integrated 
circuits) according to the present invention includes providing a substrate assembly having a 
surface. A diffusion barrier layer is formed over at least a portion of the surface. The diffusion 
barrier layer includes RuSiPy, where x and y are in the range of about 0.01 to about 10. The 
diffusion layer may, additionally, include Ru and/or RuSi^. In one particular embodiment of the 
method, the diffusion barrier layer is formed of RuSi^Oy, where x is in the range of about 0.1 to 
about 3, and more preferably is about 0.4, and where y is in the range of about 0.01 to about 0.1, 
and more preferably 0. 1 . 

[0009] In another embodiment of the method, the barrier layer is formed by depositing a 
mixed film of Ru-RuSi^-RuSi^Oy by chemical vapor deposition (CVD). hi yet another 
embodiment of the method, the barrier layer is formed by CVD deposition of Ru-RuSi^Oy in an 
oxidizing atmosphere. All of the foregoing barrier layers and mixed films may also be formed by 
atomic layer deposition. This process can result in the formation of multiple RuSi^Oy-containing 
diffusion barrier monolayers and, more preferably, formation of from three to five monolayers of 
RuSi^Oy-containing diffusion barrier layers. 

[0010] In an alternative embodiment, the barrier layer is formed by physical vapor 
deposition (PVD) of the diffusion barrier layers of the present invention. In one particular 
embodiment of the PVD deposition method, mixed films of Ru-RuSi^-RuSi^Oy are deposited to 
form a diffusion barrier layer. Alternatively, mixed films of Ru-RuSi^Oy may be deposited to form 
a diffusion barrier layer. 

[0011] A method for use in the formation of a capacitor according to the present 
invention includes forming a first electrode on a portion of a substrate assembly. A high dielectric 
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material is formed over at least a portion of the first electrode and a second electrode is formed 
over the high dielectric material. At least one of the first and second electrodes includes a barrier 
layer formed of RuSi^Oy, where x and y are in the range of about 0.01 to about 10. 

[0012] According to yet another method of the present invention, a capacitor is formed 
by providing a silicon-containing region of a substrate assembly. A first electrode is then formed 
on at least a portion of the silicon-containing region of the substrate assembly. The first electrode 
includes a barrier layer having RuSi^Oy, where x and y are in the range of about 0.01 to about 10. 
A high dielectric material is then formed over at least a portion of the first electrode and a second 
electrode is provided over the high dielectric material. 

[0013] hi an alternative embodiment of the method, one or more conductive layers are 
formed relative to the RuSi^Oy-containing barrier layer. The one or more conductive layers are 
formed of at least one of a metal or a conductive metal oxide, e.g., formed fi-om materials selected 
from the group consisting of RUO2, RhOj, M0O2, hOj, Ru, Rh, Pd, Pt, and Ir. 

[0014] A semiconductor device structure according to the present invention includes a 
substrate assembly including a surface and a diffusion barrier layer over at least a portion of the 
surface. The diffusion barrier layer is formed of RuSi^Oy, where x and y are in the range of about 
0.01 to about 10. 

[0015] hi one embodiment of the structure, at least a portion of the surface is a silicon- 
containing surface and the structure includes one or more additional conductive layers over the 
diffusion barrier layer formed of at least one of a metal and a conductive metal oxide, e.g., formed 
fi-om materials selected fi*om the group consisting of RuOj, RhOj, MoOj, hOj, Ru, Rh, Pd, Pt, 
and h. 

[0016] Semiconductor assemblies and structures according to the present invention are 
also described. One embodiment of such a structure includes a capacitor structure having a first 
electrode, a high dielectric material on at least a portion of the first electrode, and a second 
electrode on the dielectric material. At least one of the first and second electrodes includes a 
diffusion barrier layer formed of RuSi^Oy, where x and y are in the range of about 0.01 to 
about 10. 
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[0017] Another such structure is an integrated circuit including a substrate assembly 
including at least one active device and a silicon-containing region. An interconnect is formed 
relative to the at least one active device and the silicon-containing region. The interconnect 
includes a diffusion barrier layer on at least a portion of the silicon-containing region. The 
diffusion barrier layer is formed of RuSi^Oy, where x and y are in the range of about 0.01 to 
about 10. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The present invention will be better understood from reading the following 
detailed description taken in conjunction with the accompanying drawings, wherein: 

[0019] FIG. 1 shows a device structure including a RuSi^Oy-containing diffusion barrier 
layer according to the present invention; 

[0020] FIGS. 2-4 show one method of forming the RuSi^Oy-containing diffusion barrier 
layer according to the present invention; 

[0021] FIG. 5 shows a structure including a RuSi^Oy-containing diffusion barrier layer 
according to the present invention as part of a multiple conductive layer stack; 

[0022] FIG. 6 is a structure shoving a high dielectric capacitor including an electrode 
having a RuSi^Oy-containing diffusion barrier layer according to the present invention; 

[0023] FIG. 7 illustrates the use of a RuSi^Oy-containing diffusion barrier layer in a 
storage cell capacitor application; 

[0024] FIG. 8 illustrates the use of a RuSi^Oy-containing diffusion barrier layer in a 
contact application; and 

[0025] FIGS. 9-12 illustrate x-ray photo spectrographic (XPS) depth profiles of various 
semiconductor multilayered assemblies including RuSixOy-containing diffusion barriers. 

DETAILED DESCRIPTION OF THE INVENTION 
[0026] Referring to FIG. 1 , a structure 20 according to the present invention includes a 
substrate assembly 21 and a RuSi^Oy-containing diffusion barrier layer 23 disposed on a 
surface 22 of the substrate assembly 21, e.g., a silicon-containing substrate. The structure 20 
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further includes a conductive layer 24. As used herein, "substrate assembly" refers to either a 
semiconductor substrate such as the base semiconductor layer (e.g., base silicon layer of a wafer), 
a silicon layer deposited on another material (e.^., silicon on sapphire), or a semiconductor 
substrate having one or more layers, structures, and/or regions formed thereon or therein. It is 
understood that reference to a substrate assembly herein also includes any known process steps 
that may have been previously used to form or define regions, junctions, various structures or 
features, and openings (e.g., vias, contact openings, high aspect ratio openings, etc.). 

[0027] The structure 20 is representative of a RuSi^y-containing diffusion barrier layer 
that may be used for any application requiring an effective barrier layer, for example, to prevent 
oxidation of an underlying Si contact, or to prevent diffusion into an electrode or dielectric from a 
silicon-containing surface. The RuSi^Oy-containing diffusion barrier layer 23 may be used in the 
fabrication of semiconductor devices or assemblies where it is necessary or desirable to prevent 
diffusion of one material to an adjacent material. As described more fully hereinafter, the 
RuSi^Oy-containing diffusion barrier layer 23 may include Ru and/or RuSi^, in addition to 
RuSi,Oy. 

[0028] The substrate assembly 21 may, for example, be representative of a contact 
structure having an opening extending to a silicon-containing surface. In such a stmcture, 
diffusion barriers are commonly used within the contact opening to prevent undesirable reactions, 
such as reactions between the conductive contact material and the silicon-containing surface. 
Alternatively, the RuSi^Oy-containing diffusion barrier layer 23 may be used to form storage cell 
capacitors in semiconductor devices (e.g., memory devices). By way of example, the RuSi^Oy- 
containing diffusion barrier layer 23 may be interposed between other layers of materials (e.g., 
ruthenium oxide, platinum, etc.) forming an electrode of a capacitor. 

[0029] It is understood that persons having ordinary skill in the art vnll recognize that the 
diffusion barriers of the present invention can be used in any semiconductor processes, structures, 
assemblies and devices (e.g., CMOS devices and memory devices) which utilize barrier layers. 

[0030] The amount of elemental Si and Si02 incorporated into the RuSi^Oy-containing 
diffusion barrier layer 23 is sufficient to accomplish barrier characteristics for semiconductor 
devices, particularly for diffusion of silicon and oxygen, for example, into the electrode and/or 



dielectric of a capacitor. Preferably, the RuSi^y-containing diffusion barrier layer 23 includes an 
atomic composition such that x and y are in the range of about 0.01 to about 10. More 
preferably, x and y are in the range of about 1 to about 3, and yet more preferably, x is about 0.4 
and y is about 0. 1 . Likewise, in embodiments of the invention where the RuSi^Oy-containing 
diffusion barrier layer 23 of the present invention contains RuSi^, the RuSi,, includes an atomic 
composition such that x is in the range of about 0.01 to about 10, and more preferably in the 
range of about 0.1 to about 0.5, and yet more preferably, x is about 0.4. 

[00311 The thickness of the RuSi^y-containing diffusion barrier layer 23 is dependent 
upon the application for which it is used. Preferably, the thickness is in the range of about lOA to 
5,000A. More preferably, the thickness of the RuSi^Oy-containing diffusion barrier layer 23 is in 
the range of about 50A to about 500A. For example, this preferred thickness range of about 50A 
to about 500A is applicable to a RuSi^Oy-containing diffusion barrier layer used for forming a 
bottom electrode stack of a capacitor structure. 

[0032] The conductive layer 24 shown in FIG. 1 is representative of one or more layers. 
For example, the conductive layer 24 may include one or more layers formed of a metal or metal 
oxide, or combinations thereof Such layers may include one of RuOj, MoOj, Rh, RhOj, IrOj, 
Ru, Pt, Pd and Ir, such as when the RuSi^y-containing diffusion barrier layer is used in an 
electrode stack. Alternatively, the conductive layer 24 may be a contact material, such as 
aluminum, when the RuSixOy-containing diffusion barrier layer is used in a contact or interconnect 
application. Such conductive layers may be formed by any method known to those skilled in the 
art. 

[0033] The RuSi^Oy-containing diffusion barrier layer 23 may be formed by various 
processes. For example, the formation of the RuSixOy-containing diffusion barrier layer 23 may 
be sputter deposited from a deposition target of RuSi^Oy, may be deposited by the sputtering from 
a deposition target of rutheniimi onto a silicon-containing surface followed by an anneal, may be 
deposited by physical vapor deposition (PVD) of Ru-RuSi^-RuSi^Oy mixed films, or may be 
deposited by CVD using a ruthenium precursor and a silicon precxirsor in an oxidizing 
atmosphere, or may be deposited by CVD of Ru-RuSi^-RuSi^Oy films. Suitable CVD processes 
include, for example, atmospheric pressure chemical vapor deposition, low pressure chemical 
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vapor deposition (LPCVD), plasma enhanced chemical vapor deposition (PECVD), or any other 
known chemical vapor deposition technique. Further, the RuSi^Oy-containing diffusion barrier 
layer may be formed by depositing a layer of ruthenium using CVD onto a silicon-containing 
surface followed by an annealing process. 

[0034] The aforementioned CVD processes may be carried out in a chemical vapor 
deposition reactor, such as a reaction chamber available under the trade designation of 7000 from 
Genxis, Inc. (Sunnyvale, CA), a reaction chamber available under the trade designation of 5000 
from Applied Materials, Die. (Santa Clara, CA), or a reaction chamber available xmder the trade 
designation of Prism from Novelus, Inc. (San Jose, CA). However, any reaction chamber suitable 
for performing CVD may be used. 

[0035] Oxidizing agents for use in the CVD process may be any gaseous reactant which 
is capable of reacting with the Ru precursor compounds at the decomposition temperatures of the 
latter to form Ru-RuSix-RuSi^Oy films. Suitable oxidizing agents for use with the present method 
include, but are not limited to, air, oxygen, and oxygen-containing compounds, such as nitrous 
oxide, tetrahydrofiiran, and carbon dioxide, and are preferably selected from mildly oxidizing 
gaseous oxygen sources. 

[0036] CVD may be defined as the formation of a nonvolatile solid film on a substrate by 
the reaction of vapor phase reactants, i.e., reactant gases, that contain desired components. The 
reactant gases are introduced into the reaction chamber. The gases decompose and react at a 
heated wafer surface to form the desired layer. Chemical vapor deposition is just one process of 
providing thin layers on semiconductor wafers, such as films of elemental metals or compounds 
(e.g., platinxun, ruthenium oxide, iridiiun, molybdenum oxide, etc). Chemical vapor deposition 
processes are favored in many respects because of the process capability to provide highly 
conformal layers even within deep contacts and other openings. Thus, as described further below 
with reference to FIGS. 5 and 6, CVD processing is preferably used to provide highly conformal 
layers within deep contacts and other openings such as for lower electrodes of storage cell 
capacitors. It will be readily apparent to one skilled in the art that although CVD is the preferred 
process, that the CVD process may be enhanced by various related techniques such as plasma 
assistance, photo assistance, laser assistance, as well as other techniques. In addition, atomic 
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layer deposition could be used to form conformal layers. This is a variant of CVD in which a 
single atomic layer is formed on the surface. The layer thickness is self limiting to ^ 1 atomic 
layer. This layer is exposed to reaction gas after pump down or purge, is fully reacted, and the 
reaction gas pumped away. The process is repeated to yield the desired number of layers. 

[0037] In addition, atomic layer deposition could be used to form the layer. This process 
is a special type of CVD in which, based on the process conditions and/or chemistry used, at 
most, a single layer comprising a single type of atom is deposited at one time. Accordingly, the 
thickness of the layer is, at most, the thickness of the relevant atom; hence, the layer may be 
referred to as a "monolayer." Once one monolayer is deposited, the deposition gas is purged and 
a second monolayer comprising a different type of atom is deposited over the first monolayer. 
Additional monolayers may be provided in a similar manner, provided the gases from earlier 
deposition steps are purged from the chamber before each subsequent monolayer is deposited. 
Once at least two monolayers have been deposited, they may be reacted. 

[0038] One preferred method of forming the RuSi^y-containing diffusion barrier 
layer 23 is by depositing RuSi^ by CVD. The CVD process is conducted with a ruthenium 
precursor being delivered to a reaction chamber along with a silicon precursor. Typical ruthenium 
precursors in use include liquid ruthenium metal-organic precursors. The ruthenium precursor is 
contained in a bubbler reservoir through which a carrier gas, such as helium or any other inert gas, 
i.e., a gas that is nonreactive with other gases of the process (e,g,, nitrogen, argon, neon, and 
xenon), is bubbled through the reservoir containing the precursor to deliver the precursor to the 
reaction chamber. For example, a carrier gas having a volumetric flow rate in the range of about 
one seem to about 500 seem may be used in a bubbler having a pressure in the range of about 0.5 
torr to about 50 torr and a temperature in the range of about 30"" C to about 70° C to deliver a 
ruthenium precursor to the reaction chamber. 

[0039] Any ruthenium-containing precursor may be used in accordance with the present 
invention. Preferably, the ruthenium precursors are liquid ruthenium complexes of the following 
formula (Formula I): (diene)Ru(C0)3 wherein: "diene" refers to linear, branched, or cyclic dienes, 
bicyclic dienes, tricyclic dienes, fluorinated derivatives thereof, combinations thereof, and 
derivatives thereof additionally containing heteroatoms such as halide. Si, S, Se, P, As, or N. 
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These precursor complexes and others, as well as various CVD processes, are described in 
Assignees' copending patent application U.S. Serial No. 09/141,236, entitled "Precursor 
Chemistries for Chemical Vapor Deposition of Ruthenium and Ruthenixmi Oxide," and in 
Assignees' copending patent application entitled "Methods for Preparing Ruthenium and Osmium 
Compounds" having U.S. Serial No. 09/141,431, both of which are incorporated by reference 
herein. Additional precursors and methods of depositing ruthenium layers are generally discussed 
in U.S. Patent No. 5,372,849 to McCormick et al, which is incorporated by reference herein. 
More preferably, the ruthenium precursors used according to the present invention include one of 
C6H8Ru(CO)3,(C7Hio)Ru(CO)3, bis(cyclopentadienyl) ruthenium (II), triruthenium 
dodecacarbonyl, and cyclopentadienyl dicarbonyl ruthenium (II) dimer. 

[0040] The silicon precursor is also provided to the reaction chamber. For example, the 
silicon precursor may include a silicon hydride or silane such as dichlorosilane (DCS, SiHjClj), 
silane (SiH4), disilane (HjSiSiHj), trichlorosilane (TCS, SiHCla), or any other silicon precursor as 
would be recognized by one skilled in the art. For example, the silicon precursor may be provided 
to the reaction chamber at a rate in the range of about 0. 1 seem to about 500 seem. Preferably, 
the rate is about 10 seem. 

[0041] One skilled in the art will recognize that the manner in which the gases are 
introduced into the reaction chamber may include one of various techniques. For example, in 
addition to provision by bubbler techniques, the introduction may be accomplished vsdth the use of 
compounds which are gases at room temperature or by heating a volatile compound and 
delivering the volatile compound to the reaction chamber using a carrier gas. Further, solid 
precursors and various methods of vaporizing such solid precursors may also be used for 
introduction of reactant compounds into the chamber. As such, the present invention is not 
limited to any particular technique. For example, reactant gases can be admitted at separate inlet 
ports. In addition to the other gases provided to the reaction chamber, an optional carrier or 
dilution gas (i.e., a gas that is nonreactive with the reactant gases) may also be introduced into the 
chamber such as to change the concentrations of the gases therein. For example, argon gas may 
be introduced into the chamber at a varied flow rate. Oxidizing gases can also be introduced into 
the reaction chamber when an oxidizing atmosphere is desired. 
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^ [0042] In accordance with one method of forming the RuSi^y-containing difiRxsion 
barrier layer, the ruthenium precursor gas, the silicon precursor gas, optionally a dilution gas, and 
an oxidizing gas (if necessary) is provided to the reaction chamber. In this preferred CVD 
process, the reaction chamber pressure is preferably maintained at a deposition pressure of about 
0.1 torr to about 10 torr. The deposition temperature at the wafer surface upon which the 
RuSi^Oy -containing diffusion barrier layer 23 is deposited is preferably held at a temperature in a 
range of about 100° C to about 700° C, more preferably in the range of about 200° C to about 
500° C. 

[0043] Another preferred method of forming a RuSi^Oy-containing diffusion barrier 
layer 29 according to the present invention is shown in FIGS. 2-4. This method forms the 
RuSi^Oy-containing diffusion barrier layer 29 by depositing a layer of ruthenium 28 as shown in 
FIG. 2 onto a silicon-containing region of substrate assembly 26 using a CVD technique. 
Generally, the method can be carried out by introducing a rutheniimi precursor composition into a 
CVb chamber together v^th a carrier or dilution gas, as described in Applicant's Assignees' 
copending patent application entitled "Methods for Preparing Ruthenium Oxide Films," having 
Serial No. 09/140,932, the contents of which are incorporated by reference herein. This 
ruthenium deposition step is followed by an annealing process to react the silicon-containing 
region having silicon-containing surface 27 with the ruthenium layer 28. The annealing process is 
carried out in an oxidizing atmosphere, such as oxygen gas, to further oxidize the deposited layer 
and to form the RuSi^Oy-containing diffusion barrier layer 29 shown in FIG. 3. Various 
combinations of carrier gases and/or reaction (oxidizing) gases can be used in the methods of the 
present invention. The gases can be introduced into the CVD deposition chamber in a variety of 
manners, such as directly into a vaporization chamber of the CVD deposition chamber or in 
combination vdth the ruthenium precursor composition. Thereafter, a conductive layer 31 (e.g., 
the conductive layer 24 of FIG. 1) is formed on the RuSi^Oy-containing diffusion barrier layer 29, 
as shown in FIG. 4. 

[0044] The annealing process is preferably performed in situ in the reaction chamber in a 
nitrogen atmosphere, although any other nonreactive atmosphere may be used, e.g., argon. 
Preferably, the aimealing temperature is within the range of about 400° C to about 1000° C, more 
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preferably about 500° C. The anneal is preferably performed for a time period of about 0.5 
minutes to about 60 minutes. One of ordinary skill in the art will recognize that such 
temperatures and time periods may vary and that the anneal parameters should be sufficient to 
convert the ruthenium layer 28, following oxidation, into RuSi^Oy - containing diffusion barrier 
layer 29, where x and y are in the ranges previously described herein. For example, various 
anneal techniques (e.g., furnace anneals, anneal, process RTP, and rapid thermal smearing) may 
be used and may be performed in one or more annealing steps. Likewise, it may not be necessary 
or desirable to convert the entire ruthenium layer to RuSi^Oy as long as sufficient barrier 
properties are attained with the amoimt of ruthenium converted. 

[0045] The ruthenium layer 28 deposited for forming the RuSi^Oy-containing diffusion 
barrier liayer 29 is preferably of a thickness in the range of about lOA to about 1 OOOA. More 
preferably, the thickness is in the range is about 50A to about of 500A and, even more preferably, 
the thickness is about 300A. 

[0046] Referring to FIG. 5, a structure 30 is shown which includes a substrate 
assembly 32, e.g., a silicon substrate region, and a stack 34. The stack 34 includes conductive 
layers 41-44. One or more of the conductive layers 41-44 may be RuSi^Oy-containing diffusion 
barrier layers according to the present invention. The one or more conductive layers, in addition 
to including one or more RuSi^Oy-containing diffusion barrier layers, may include conductive 
layers formed of various conductive materials. For example, the conductive layers may include, 
but are not limited to, layers formed of metals, metal oxides or combinations thereof. By way of 
example, the conductive layers may include metals such as rhodixmi, palladium, ruthenium, 
platinum, and iridium or metal oxides such as rutheniimi oxide, rhodium oxide, molybdenimi oxide 
and iridium oxide. 

[0047] The stack 34 may be used for various applications, such as, interconnection 
applications and capacitor applications. For example, the stack 34 may be used as an electrode 
for a storage cell capacitor with substrate assembly 32 including a silicon-containing surface 33. 
As such, the barrier properties of the stack 34 prevent silicon diffusion from silicon-containing 
surface 33. In accordance with the present invention, the layer 41 may be formed as the RuSi^Oy- 
containing diffusion barrier layer to prevent diffusion of silicon from silicon-containing surface 33 
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through stack 34 to adjacent layer or layers 39 or to the surface of the stack 34, and to prevent 
oxygen diffusion to the silicon-containing surface. 

[0048] FIG. 6 shows a structure 50 including substrate assembly 52, e.g., a silicon 
substrate, and capacitor structure 54 formed relative thereto. Capacitor structure 54 includes a 
first electrode 56, a second electrode 60, and a high dielectric constant layer 58 interposed 
therebetween. The dielectric layer may be any suitable material having a desirable dielectric 
constant, such as, for example, Ba^Sr^.^^TiOj [BST], BaTiOa, SrTiOj, PbTiOj, Pb(Zr,Ti)03 
[PZT], (Pb,La)(Zr,Ti)03 [PLZT], (Pb,La)Ti03 [PLT], Ta205, KNO3, and/or LiNbOj. With use of 
the high dielectric constant layer 58, diffusion barrier properties of the electrodes is particularly 
important. 

[0049] In a bottom electrode of a capacitor structure, such as that shown in FIG. 6, the 
electrode layer or electrode stack must act as an effective barrier to the diffusion of silicon, 
particularly due to the high temperature processes used to form the high dielectric constant 
materials. Such diffusion barrier properties are particularly essential when the substrate 
assembly 52 includes a silicon-containing surface 53 (e.g., polysilicon, silicon substrate material, 
N-doped silicon, P-doped silicon) upon which the capacitor is formed, due to oxidation of the 
diffused silicon which may result in degraded capacitance, such as that seen in memory devices. 
Additionally, the electrode stack must act as an oxygen barrier to protect the silicon-containing 
surface under the stack from oxidizing. The formation of the RuSi^Oy-containing diffusion barrier 
layer enhances the barrier properties of the stack. One of ordinary skill in the art vnll recognize 
that the first electrode 56 includes one or more RuSixOy-containing diffusion barrier layers and 
one or more additional conductive layers, as described with reference to FIG. 5. 

[0050] The RuSi^Oy-containing diffusion barrier layers of the present invention have 
numerous and varied applications in the area of semiconductor device and semiconductor 
structure fabrication. For example, the use of RuSi^Oy-containing diffusion barrier layers of the 
present invention is described with reference to FIG. 7, wherein a contact liner requiring diffusion 
barrier characteristics is described. More specifically, device structure 70 is fabricated in 
accordance with conventional processing techniques through the formation of contact 
opening 102 prior to metallization of the contact area 94 of substrate 80. As such, prior to 
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metallization, the device structure 70 includes field oxide region 82 and active areas (represented 
by regions of substrate 80 not covered by field oxide). Word line 92 and field effect transistor 
(FET) 90 are formed relative to the field oxide regions 82 in the active areas. Suitably doped 
source/drain regions 84, 86 are formed by conventional methods known to one of ordinary skill in 
the art. A conformal layer of oxide material 88 is formed thereover and contact opening 102 is 
defined therein to the contact area 94 of doped source region 84 of silicon substrate 80. 
Thereafter, one or more metallization or conductive layers (e.g., titanium nitride or other diffusion 
barrier materials) are formed in the contact opening 102 for providing electrical connection to 
source region 84. Preferably, contact liner 100 is a RuSixOy-containing diffusion barrier layer 
formed according to the present invention on bottom surface 96 and the one or more side walls 98 
defining the contact opening 102. The RuSiPy-containing diffusion barrier layer is generally 
deposited over the entire substrate assembly and then planarized to form the contact liner 100. 
Thereafter, a conductive material 104 ( e.g., aluminum, W, Cu) is formed in the contact opening 
for providing connection to doped source region 84 of substrate 80. 

[0051] Alternatively, the present invention may be used to fabricate a bottom electrode 
of a high dielectric capacitor of a storage cell that includes one or more RuSi^Oy-containing 
diffusion barrier layers, as described in FIG. 8. Specifically, a device structure 106 is fabricated in 
accordance with conventional processing techniques through the formation of an opening 1 14 
prior to depositing a bottom electrode structure 1 18 on the surface 1 12 (preferably a silicon- 
containing surface) and surface 116 defining the opening 1 14. A bottom electrode structure 1 18, 
which includes a RuSi^Oy-containing diffusion barrier layer, and one or more other conductive 
layers is formed in opening 1 14 according to the present invention, as previously described herein. 
The substrate assembly 1 10 may include various elements, such as field oxide regions, active 
regions (i.e., regions of a silicon substrate not covered by field oxide) word lines, field effect 
transistors (FET), and source/drain regions created in the silicon substrate. An insulative layer of 
oxide material 1 13 is formed over the substrate assembly. The opening 1 14 in the insulative layer 
of oxide material 1 13 is a small, high aspect ratio opening. As described herein, small, high aspect 
ratio openings have feature sizes or critical dimensions below about 1 micron (e.g,^ such as a 
diameter or width of an opening being less than about 1 micron) and aspect ratios (ratio of depth 
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to width) greater than about 4. Such aspect ratios are applicable to contact holes, vias, trenches, 
and any other configured openings. For example, a trench having an opening of 1 micron and 
depth of 3 microns has an aspect ratio of 3. The present invention is particularly useful in the 
formation of diffusion barrier layers in small, high aspect ratio features due to the use of CVD 
processes for forming conformal RuSi^Oy-containing diffusion barrier layers over step structures. 

[0052] As shown in FIG. 8, a bottom electrode structure 1 1 8, including an RuSi^Oy- 
containing diffusion barrier layer, is formed on the surface 1 12 and the one or more surfaces 1 16 
defining opening 114. In this particular embodiment of the invention, the electrode stack layers 
are formed over the entire structure, including the surface 1 12 and surface 116. The layers are 
then formed into bottom electrode structure 118. By way of example, the stack layers may be 
etched or planarized to remove desired regions for forming the bottom electrode structure 118. 
Thereafter, dielectric layer 120 is formed relative to the bottom electrode structure 118. The 
second electrode 192 is then formed relative to the dielectric material 120. Such an electrode 
may, for example, be composed of any suitable conductive material, such as tungsten nitride, 
titanium nitride, tantalum nitride, ruthenium, rhodium, iridium, ruthenium oxide, iridium oxide, 
any combination thereof, or any other conductive material typically used as an electrode or 
electrode layer of a storage cell capacitor. In accordance with the instant embodiment of the 
present invention, the bottom electrode is conformally formed of a stack of layers, including a 
RuSixOy-containing diffusion barrier layer, having uniform thickness and deposited using CVD 
processes to provide suitable barrier properties. 

[0053] It will be recognized by one skilled in the art that, in addition to the embodiments 
described herein, any capacitor formed relative to a surface (e.g., silicon-containing surface) 
whereupon diffusion barrier properties are required and/or conformally formed conductive layers 
are required may benefit from the present invention. For example, container capacitors typically 
include electrodes formed on surfaces requiring conformal formation of a bottom electrode. Such 
a container capacitor storage cell is described in U.S. Patent No. 5,270,241 to Dennison, et al., 
entitled "Optimized Container Stack Capacitor DRAM Cell Utilizing Sacrificial Oxide Deposition 
and Chemical Mechanical Polishing," issued December 14, 1993, and incorporated herein by this 
reference. The present invention may also be employed in the fabrication of other semiconductor 
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processes and structures for various devices (e,g,, CMOS devices, memory devices, logic devices, 
etc.). It should be imderstood that the present invention is not limited to the illustrative 
embodiments described herein and that the RuSiPy-containing diffusion barrier layer of the 
present invention may be used for any application requiring diffusion barrier characteristics, 
particularly those for preventing diffusion of silicon and/or oxygen into adjacent layers. 

[0054] FIGS. 9 through 12 show x-ray photo-electron spectrographic (XPS) depth 
profiles of sample wafers including layers containing RUO2, Si, and TiN layers, and additionally 
having a RuSi^Oy diffusion barrier layer therein. The RuSi^y diffusion barrier layer was formed 
by a conventional C VD process. For each individual sample, a pre-anneal and post-anneal XPS 
analysis was conducted to determine the chemical state of the silicon and whether the TiN 
survived the anneal process. The depth profile was determined for the sample wafer after the 
structure had undergone rapid thermal nitridation (RTN) at a temperature of about 700° C for a 
time period of about 60 seconds. Under such conditions the RuOj film disporportionates to Ru + 
RUO4 and will oxidize the TiN if no barrier is present. As described hereinafter, the analytical data 
shows that no oxidation or silicidation of the TiN layer was observed and that minimal, if any, 
silicon diffusion through the RuSiPy diffusion barrier layer and, therefore, no oxidation of the 
silicon layer in the tested samples was observed. 

[0055] The reaction chamber used for fabricating the sample wafer was a CVD chamber 
manufactured by MDC Vacuum Products Corp. (Hayward, CA) and the bubblers used are glass 
research bubblers from Technical Glass Service (Boise, ID). The conditions used for forming the 
RuSixOy-containing diffusion barrier layer include: 

[0056] Ruthenium Precursor: C6H8Ru(CO)3, 

[0057] Ruthenium Carrier Gas for use through Bubbler: 5 seem of helium. 
[0058] Ruthenium Bubbler Conditions: pressure of 3 torr, temperature of 25*" C. 
[0059] Reaction Chamber Conditions: pressure of 0.5 torr, deposition temperature of 
240° C at wafer surface, 0.2 seem SijHg. 

[0060] Deposition Time: 1 minute. 

[0061] The conditions used for the forming the ruthenium oxide layer include: 
[0062] Ruthenium Precursor: C6H8Ru(CO)3. 
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[0063] Ruthenium Carrier Gas for use through Bubbler: 40 seem of helium, 40 seem Oj 
reaction gas. 

[0064] Ruthenium Bubbler Conditions: pressure of 3 torr, temperature of 25 ° C. 
[0065] Reaction Chamber Conditions: pressure of 3 torr, deposition temperature of 
230° C at wafer surface. 

[0066] Deposition Time: 20 minutes. 

[0067] The depth profile was attained by using an XPS device available xmder the trade 
designation Phi (O) 5600 from Physical Electronics (Eden Prairie, MN). The operating 
conditions for obtaining the profile include x-ray source of 350 W, monochromatic Al K„ (hV = 
1486.6 eV); 45 degree exaction; 800 yum extraction aperture. Sputtering was performed with a 3 
keV Argon ion beam restored over a 3 mm area. The sputter time for the depth profile of was 20 
minutes. 

[0068] FIG. 9 shows a depth profile of a sample wafer including a RuOj layer having a 
thickness of about 700A formed over a Ru/RuSi^y layer having a thickness of about 300A 
formed on a SiOj substrate. FIG. 9 shows the films as deposited before any oxidizing anneals 
and, thus, represents a control. 

[0069] FIG. 10 shows the same film as described in FIG. 9 after undergoing RTN. After 
the structure has undergone RTN at a temperature of about 700° C for a time period of 60 
seconds, that is, when the RuOj layer is subjected to RTN, it produces RUO4. In the absence of 
the Ru/RuSi^Oy layer, the underlying TiN layer would be completely oxidized. However, due to 
the presence of the Ru/RuSi^Oy layer, an effective barrier is created, thus preventing oxidation of 
the underlying layer (/.e., TiN layer). 

[0070] FIG. 1 1 represents a depth profile of a sample wafer as described in reference to 
FIGS. 9 and 10, except that the RuSi layer was deposited using 5 SCCM of NjO as an oxidizer 
(40 SCCM He carrier 0.2 SCCM SijH^ at 260 °C and 3 torr). As shown in FIG. 1 1, the XPS 
atomic concentration depth profile of this pre-RTN sample indicates the presence of a SiOj- 
containing RuSi^ layer having a thickness of about 500A. 

[0071] FIG. 12 represents a depth profile of a sample wafer as described in reference to 
FIG. 11, except that RuSi^ layer was deposited in the absence of an oxidizer. As shown in 
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FIG. 12, the XPS atomic concentration depth profile of this pre-RTN sample indicates the 
presence of a SiOj-containing RuSi^ layer having a thickness of about 3 50 A on a TiN layer. 
Notably, no RuSi^ was detected in the Ru-containing film, only RuSi^Oy. 

[0072] FIGS. 11 and 12 indicate that the amount of oxygen in RuSi^y film can actually 
be reduced by using NjO as a reaction gas presumably since small amounts of NjO increase 
growth rate without being incorporating. 

[0073] It will be recognized by a person having skill in the art that, in addition to the 
embodiments described herein, the present invention may be carried out to include controlled 
deposition of one or more "monolayers" of RuSixOy-containing barrier layer(s). This process, 
typically referred to as atomic layer deposition, atomic layer epitaxy, sequential layer deposition, 
or pulsed-gas C VD, involves use of a precursor based on self-limiting surface reactions. 
Generally, a substrate is exposed to a first species that deposits as a monolayer and the monolayer 
then being exposed to a second species to form a new layer plus gaseous byproducts. The 
process is typically repeated until a desired thickness is achieved. Atomic layer deposition and 
various methods to carry out the same are described in U.S. Patent 4,058,430 to Suntola et al., 
entitled "Method for Producing Compound Thin Films," U.S. Patent 4,413,022 to Suntola et al., 
entitled "Method for Performing Growth of Compound Thin Films," Ylilammi, "Monolayer 
Thickness in Atomic Layer Deposition," Thin Solid Films 279 (1996) 124-130, and S.M. George 
et al., "Surface Chemistry for Atomic Layer Growth," J. Phys. Chem. 1996, 100, 13121-13131, 
the disclosures of each such document are hereby incorporated by reference. 

[0074] The process has also been described as a C VD operation performed under 
controlled conditions which cause the deposition to be self-limiting to yield deposition of, at most, 
a monolayer. The deposition of a monolayer is significant in many areas because it facilitates 
theoretically conformal films, precise control of film thickness, and improved compound material 
layer uniformity. In practice, however, the deposited "monolayer" is rarely a complete and true 
monolayer, there always being something less than complete coverage of an underlying layer or 
other surface, due to the space consumed by the non-incorporating components of the metal 
organic precursor. Combinations of deposition processes discussed herein may be used to 
provide deposition materials (e.g., atomic layer deposition (ALD) and non-ALD types of CVD). 
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Accordingly, exemplary embodiments of the invention include within their scope deposition of a 
monolayer under conditions designed to achieve such results, as well as conditions with a 
subsequent shift of conditions toward the CVD regime, such that, to the extent required, the 
deposition of the RuSi^Oy -containing barrier layers is effected as 3-5 "monolayers" rather than a 
single monolayer. 

[0075] More specifically, deposition of monolayers is accomplished in a CVD chamber, 
as previously described with reference to the CVD deposition method, but with the addition of 
pulsing valves to allow the sv^tching between the precursor and purge gas and the SiH4 (SijH^) 
and purge gas. Bubblers, however, are not required since carrier gases may or may not be used, 
depending on the configuration of the vacuum system. For this example, a simple storage ampule 
with a single outlet and no inlet is used. As with the CVD method, C6H8Ru(CO)3 is used as the 
ruthenixmi precursor. The deposition temperature of the wafer surface is 50-250 degrees C. and 
the reaction chamber is kept at a variable pressure range of about 0.5 torr to about 0.0001 torr. 
The reaction chamber is fully opened to the pumps of the vacuum system to create a vacuum m 
the CVD chamber and the ruthenium precursor gas is introduced at low pressure, preferably about 
0.0001 torr. Introduction of the ruthenium precursor gas under these conditions will resxilt in the 
deposition of, at most, a monolayer of ruthenium over the surface of the wafer. A purge cycle is 
then initiated by introducing a nonreactive gas, such as He or Ar, at a volumetric flow rate of 
about 50 seem into the reaction chamber at 0.5 torr. It is understood that any suitable nonreactive 
gas may be used and that the nonreactive gas may be introduced at a rate of between about 0.1 
seem to about 500 seem to optimize system conditions. Silane or disilane is introduced into the 
reaction chamber at a rate of about 5 seem, which results in the deposition of a silicon monolayer 
over the previously deposited ruthenixxm monolayer. This is followed by a purge cycle of 
nonreactive gas, as previously described. It is understood that oxygen can be added as a separate 
oxygen/purge cycle as needed for every individual cycle in order to give the required oxygen 
content. In general, however, sufficient oxygen is available fi'om background O2 and HjO in the 
chamber to oxidize the underlying RuSi^ layer formed in the preceding steps. The monolayer of 
adsorbed precursor from the initial precursor deposition step will react directly when exposed to 
the reaction gas in the third step of the foregoing dose precursor/ purge/ dose reaction gas/ purge 
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sequence, which results in controlled deposition of one or more RuSi^Oy-containing barrier 
monolayers. 

[0076] Although this invention has been described with reference to illustrative 
embodiments, it is not meant to be construed in a limiting sense. As described previously, one 
skilled in the art will recognize that various other illustrative applications may xise the RuSi^Oy 
diffusion barrier layer as described herein to take advantage of the beneficial barrier characteristics 
thereof Various modifications of the illustrative embodiments, as well as additional embodiments 
to the invention, will be apparent to persons skilled in the art upon reference to this description. 
It is therefore contemplated that any such modifications or embodiments may fall within the scope 
of the present invention as defined by the accompanying claims. 
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ABSTRACT OF THE DISCLOSURE 
A method for use in the fabrication of integrated circuits includes providing a substrate 
assembly having a surface. A diffusion barrier layer is formed over at least a portion of the 
surface. The diffusion barrier layer is formed of RuSi^y, where x and y are in the range of about 
0.01 to about 10. The barrier layer may be formed by depositing RuSi^Oy by chemical vapor 
deposition, atomic layer deposition, or physical vapor deposition or the barrier layer may be 
formed by forming a layer of ruthenium or ruthenium oxide over a silicon-containing region and 
performing an anneal to form RuSi^Oy from the layer of ruthenium and silicon from the adjacent 
silicon-containing region. Capacitor electrodes, interconnects or other structures may be formed 
with such a diffusion barrier layer. Semiconductor structures and devices can be formed to 
include diffusion barrier layers formed of RuSi^Oy. 
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APPENDIX D 

(VERSION OF CLAIMS AS AMENDED HEREIN 
WITH MARKINGS TO SHOW CHANGES MADE) 



(Serial No. 09/651,620) 



% % 

CLAIMS 

What is claimed is : 

2. (Amended) The method of claim 1 , wherein forming [a]tiie diffusion barrier layer over at 
least a portion of the surface comprises forming a layer of RuSi^Oy where x is in [the]a range of about 
0.01 to about 10. 

3 . (Amended) The method of claim 2, wherein forming [ajtiie diffusion barrier layer over at 
least a portion of the surface further comprises forming a layer of RuSi^Oy where x is about 0.4. 

\ 

4. (Amended) The method of claim 1 , wherein forming [a]tiie diffusion barrier layer over at 
least a portion of the surface further comprises forming a layer of RuSi^Oy where y is in [the]a range 
of about 0.01 to about 10. 

5. (Amended) The method of claim 4, wherein forming [a]tiie diffusion barrier layer o ver at 
least a portion of the surface further comprises forming a layer of RuSi^Oy where y is about 0.05. 

6. (Amended) The method of claim 1 , wherein forming the diffusion barrier layer includes 
depositing RuSi^Oy by chemical vapor deposition. 

7. (Amended) The method of claim 1 , wherein forming the diffusion b arrier layer includes 
depositing RuSi^Oy by atomic layer deposition. 

8. (Amended) The method of claim 7, wherein forming the diffusion b arrier layer includes 
depositing three to five monolayers of RuSi^^Oy. 

9. (Amended) The method of claim 1, wherein forming the diffusion barrier layer includes 
depositing RuSi^Oy by physical vapor deposition. 
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10. (Amended) The method of claim 1, wherein foraiing said diffusion barrier layer 
comprises: 

forming a layer of ruthenium relative to a silicon[ ];Containing region; and 
performing an anneal in an oxidizing atmosphere to form RuSi^Oy from the layer of ruthenium and 
the silicon[ ];Containing region. 

1 4. (Amended) The method of claim 1 0, wherein performing [an]jflie anneal in an oxidizing 
atmosphere includes performing an anneal in an atmosphere including an oxidizing gas. 

15. (Amended) The method of claim 1, [wherein the method ]fiirther [includes] includinp 
forming at least one additional conductive material over the diffusion barrier layer[,] and selecting the 
at least one additional conductive material from a group of a metal and a conductive metal oxide. 

16. (Amended) The method of claim 10, wherein performing the anneal in an oxidizing 
atmosphere t o form [said] tfie RuSi^Oy includes performing an anneal at a temperature in [the]a range 
of about 400° C to about 1000° C. 

1 7. (Amended) The method of claim 1 0, wherein performing [an]tiie anneal in an oxidizing 
atmosphere to form RuSi^Oy from the layer of ruthenium and the silicon[ J^containing region 
comprises performing said anneal in an atmosphere comprising air, oxygen, and oxygen-containing 
compounds. 

18. (Amended) The method of claim 10, wherein said silicon[]2Containing region includes 
at least a portion of said semiconductor substrate assembly . 

20. (Amended) The method of claim 1 9, wherein forming [a]tfie diffusion barrier layer in an 
oxidizing atmosphere comprises forming a diffusion barrier layer in an atmosphere including an 
oxidizing gas. 
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21. (Amended) A method for forming a capacitor comprising: 
forming a first electrode on a portion of a substrate assembly; 

forming a high dielectric constant material over at least a portion of the first electrode; and 
forming a second electrode over the high dielectric constant material, wherein at least one of the first 

and second electrodes comprises a barrier layer formed of RuSi^Oy, where x and y are in 

[the]a range of about 0.01 to about 10. 

22. (Amended) The method of claim 21, wherein x and y are in [the]a range of about 0.01 
to about 1 . 

28. (Amended) A method for forming a capacitor comprising: 
providing a silicon[ ];Containing region of a substrate assembly; 

forming a first electrode on at least a portion of the silicon[ ]::Containing region of the substrate 
assembly, the first electrode comprising a barrier layer of RuSi^Oy, where x and y are in [the]a 
range of about 0.01 to about 10; 

providing a high dielectric constant material over at least a portion of the first electrode; and 

providing a second electrode over the high dielectric constant material. 

29. (Amended) The method of claim 28, wherein x and y are in [the]a range of about 0.01 
to about 1 . 

30. (Amended) The method of claim 28, wherein [forming the barrier layer includes] a first 
electrode comprises : 

forming a layer of ruthenium on the at least a portion of the silicon[ licontaining region; and 
annealing the layer of ruthenium formed on the at least a portion of the silicon[ ];Containing region 
resulting in thefRuSi^Oy barrier layer. 
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3 1 . (Amended) The method of claim 30, wherein foraiing the layer of ruthenium includes 
depositing the layer of ruthenium by chemical vapor deposition to a thickness of from a bout 1 oA to 
about 5000A. 

32. (Amended) The method of claim 30, wherein forming the layer of ruthenium includes 
depositing the layer of ruthenium by atomic layer deposition to a thickness of from a bout lOA to 
about 5000A. 

34. (Amended) The method of claim 31, wherein forming the layer of ruthenium fiutiier 
comprises forming a layer of ruthenium to a thickness o f from about 50A to about 500A. 

35. (Amended) The method of claim 34, wherein forming the layer of ruthenium further 
comprises forming a layer of ruthenium to a thickness of about 300A. 

36. (Amended) The method of claim [28]30, wherein annealing the layer of ruthenium 
formed on the at least a portion of the silicon[ ];Containing region includes annealing at a temperature 
in [the]a range of about 400° C to about 1000° C for about 0,5 minutes to about 60 minutes in an 
inert gas atmosphere. 

38. (Amended) A method for forming a capacitor comprising: 
providing a silicon[ ];Containing region of a substrate assembly; 

forming a first electrode on at least a portion of the silicon[ l^containing region of the substrate 
assembly, the forming of the first electrode comprising: 

forming a barrier layer of RuSi^Oy, where x and y are in [the]a range of about 0.01 to about 
10, and 

forming one or more conductive layers relative to the RuSi^Oy barrier layer, the one or more 
conductive layers formed of at least one of a metal or a conductive metal oxide; 
providing a high dielectric constant material over at least a portion of the first electrode; and 
providing a second electrode over the high dielectric constant m aterial. 
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39. (Amended) The method of claim 38, wherein the one or more conductive layers are 
formed from materials selected from the group consisting of RuO^. RhOj, M0O2, hOj, Ru, Rh, Pd, 
Pt, Ir, W, WN, TaN, Os and OsOj. 

40. (Amended) The method of claim 38, wherein forming the barrier layer includes: 
forming a layer of ruthenium on the at least a portion of the silicon[ ];Containing region; and 
annealing the layer of ruthenium formed on the at least a portion of the silicon[ ];Containing region^ 

resxilting in the RuSi^Oy barrier layer. 

44. (Amended) A semiconductor device structure comprising: 
a substrate assembly including a surface; and 

a diffusion barrier layer over at least a portion of the surface, wherein the diffusion barrier layer is 
formed of RuSi^Oy, where x and y are in [the]a range of about O.Gl to about 10. 

45. (Amended) The structure of claim 44, wherein x and y are in [the] a range of about 0. 1 
to about 1. 

49. (Amended) The structure of claim 48, wherein the one or more additional conductive 
layers are formed from materials selected from the group consisting of RUO2, RhOj, M0O2, IrOj, Ru, 
Rh, Pd, Pt, Ir, W, WN, TaN, Os, and OsOj. 

50. (Amended) A capacitor structure comprising: 
a first electrode; 

a high dielectric constant material on at least a portion of the first electrode; and 

a second electrode on the high dielectric constant material, wherein at least one of the first and 

second electrodes comprises a diffusion barrier layer formed of RuSi^Oy, where x and y are 

in [the]a range of about 0.01 to about 10. 
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5 1 . (Amended) The structure of claim 50, wherein x and y are in [the]a range of about 0.01 
to about 1. 

52. (Amended) The structure of claim 50, wherein the dififosion barrier layer of the atleas^ 
one of the firs t and second electrodes is formed on at least a portion of a silicon[ l^containing region 
and further wherein the capacitor structure includes one or more additional conductive layers over 
the diffusion barrier layer formed of at least one of a metal and a conductive metal oxide. 

53. (Amended) The structure of claim 52, wherein the one or more additional conductive 
layers are formed from materials selected from the group consisting of RUO2, RhOj, MoOj, IrOj, Ru, 
Pt, Ir, W, WN, TaN, Os, and OsOj. 

54. (Amended) An integrated circuit structure comprising: 

a substrate assembly including at least one active device and a silicon[ ];Containing region; and 
an interconnect formed relative to the at least one active device and the silicon[ ]-containing region, 
the interconnect including a diffusion barrier layer on at least a portion of the silicon[ ]- 
containing region, wherein the diffusion barrier layer is formed of RuSi^Oy, where x and y are 
in [the]a range of about 0.01 to about 10. 

55. (Amended) The structure of claim 54, wherein x and y are in [the]a range of about 0. 1 
to about 1. 

59. (Amended) A method for forming a semiconductor device structure having a RuSi^Oy 
barrier layer, the method comprising: 

(a) placing a semiconductor substrate assembly in a reaction chamber, said semiconductor substrate 

assembly having a surface; 

(b) introducing a ruthenium precursor into said reaction chamber to form a single layer of ruthenium 

on at least a portion of said semiconductor substrate assembly surface; 



26 



(c) introducing a non[-]reactive gas into said reaction chamber to substantially cover said single layer 

of ruthenium and purge said ruthenium precursor from said reaction chamber; 

(d) introducing a silicon precursor into said reaction chamber to form a single layer of RuSi^Oy on 

at least a portion of said semiconductor substrate assembly surface: and 

(e) introducing a non[-]reacti ve gas into said reaction chamber to substantially cover said single layer 

of RuSi^Oy and purge said silicon precursor from said reaction chamber. 

60. (Amended) The method of claim 59, further comprising introducing an oxygen- 
containing substance into said reaction chamber to form a single barrier layer of RuSi^Oy on tiie.at 
least a portion of said semiconductor substrate assembly surface. 

61. (Amended) The method of claim 59, wherein said introducing [a] said silicon precursor 
into said reaction chamber comprises introducing [a] said silicon precursor in an oxidizing atmosphere 
within said reaction chamber. 

62. (Amended) The method of claim 61 , wherein sadd,introducing [a]said silicon precursor 
in an oxidizing atmosphere comprises introducing said silicon precursor in an atmosphere comprising 
air, oxygen, or an oxygen-containing compound. 

64. (Amended) The method of claim 59, wherein said introducing [a] said non[-]reactive gas 
comprises introducing a non[-]reactive gas selected from [the]a group consisting of nitrogen, argon, 
neon, and xenon. 

65. (Amended) The method of claim 59. wherein said introducing [a] said silicon precursor 
comprises introducing silane or disilane into said reaction chamber. 
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